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                              Corrigendum: Guidelines for the Diagnosis and Management of 
Gastroesophageal Refl ux Disease   
  Philip O.       Katz     ,     Lauren B.       Gerson      and     Marcelo F.       Vela       
   Am J Gastroenterol  2013; 108:308 – 328;  doi: 10.1038/ajg.2012.444       

 1. On page 317, in the fi ft h paragraph of the  “ Summary of the Evidence ”  section, it is stated that certain endoscopic therapies, 
including radiofrequency augmentation to the lower esophageal sphincter, were removed from the US market. However, radio-
frequency therapy was returned to the US market in 2010 and remains available. In stating that the therapy had been removed 
from the marketplace, the authors of the Guidelines neither implied nor intended to imply that there was any health, effi  cacy, or 
safety reasons for the removal. 
 2. On page 316, recommendation 6 under  “ Surgical Options for GERD ”  correctly notes that current endoscopic therapies 
cannot be recommended as an alternative to medical or traditional surgical therapy, and this was described as a  “ conditional 
recommendation ”  with a  “ moderate level of evidence. ”  However, recommendation 6 in the summary table on page 309, under 
 “ Surgical Options for GERD, ”  erroneously described the recommendation as  “ strong. ”          
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 Gastroesophageal refl ux disease (GERD) is arguably the most 
common disease encountered by the gastroenterologist. It is 
equally likely that the primary care providers will fi nd that com-
plaints related to refl ux disease constitute a large proportion of 
their practice. Th e following guideline will provide an overview 
of GERD and its presentation, and recommendations for the 
approach to diagnosis and management of this common and 
important disease. 

 Th e document will review the presentations of any risk factors 
for GERD, the diagnostic modalities and their recommendation 
for use and recommendations for medical, surgical and endo-
scopic management including comparative eff ectiveness of diff er-
ent treatments. Extraesophageal symptoms and complications will 
be addressed as will the evaluation and management of  “ refrac-
tory ”  GERD. Th e document will conclude with the potential risks 
and side eff ects of the main treatments for GERD and their impli-
cations for patient management. 

 Each section of the document will present the key recommen-
dations related to the section topic and a subsequent summary 
of the evidence supporting those recommendations. An overall 
summary of the key recommendations is presented in  Table 1 . 
A search of OVID Medline, Pubmed and ISI Web of Science was 
conducted for the years from 1960 – 2011 using the following major 
search terms and subheadings including  “ heartburn ” ,  “ acid regur-
gitation ” ,  “ GERD ” ,  “ lifestyle interventions ” ,  “ proton pump inhibitor 
(PPI) ” ,  “ endoscopic surgery, ”   “ extraesophageal symptoms, ”   “ Nissen 
fundoplication, ”  and  “ GERD complications. ”  We used systematic 
reviews and meta-analyses for each topic when available followed 
by a review of clinical trials. 

 Th e GRADE system was used to evaluate the strength of the 
recommendations and the overall level of evidence ( 1,2 ). Th e level 
of evidence could range from  “ high ”  (implying that further research 
was unlikely to change the authors ’  confi dence in the estimate of 
the eff ect) to  “ moderate ”  (further research would be likely to have 
an impact on the confi dence in the estimate of eff ect) or  “ low ”  

(further research would be expected to have an important impact 
on the confi dence in the estimate of the eff ect and would be likely 
to change the estimate). Th e strength of a recommendation was 
graded as  “ strong ”  when the desirable eff ects of an intervention 
clearly outweigh the undesirable eff ects and as  “ conditional ”  when 
there is uncertainty about the trade-off s. 

 It is important to be aware that GERD is defi ned by consensus 
and as such is a disease comprising symptoms, end-organ eff ects 
and complications related to the refl ux of gastric contents into 
the esophagus, oral cavity, and / or the lung. Taking into account 
the multiple consensus defi nitions previously published ( 3 – 5 ), 
the authors have used the following working defi nition to defi ne 
the disease: GERD should be defi ned as symptoms or compli-
cations resulting from the refl ux of gastric contents into the 
esophagus or beyond, into the oral cavity (including larynx) 
or lung. GERD can be further classifi ed as the presence of 
symptoms without erosions on endoscopic examination (non-
erosive disease or NERD) or GERD symptoms with erosions 
present (ERD).  

 SYMPTOMS AND EPIDEMIOLOGY 
 Epidemiologic estimates of the prevalence of GERD are based pri-
marily on the typical symptoms of heartburn and regurgitation. A 
systematic review found the prevalence of GERD to be 10 – 20 %  of 
the Western world with a lower prevalence in Asia ( 6 ). Clinically 
troublesome heartburn is seen in about 6 %  of the population ( 7 ). 
Regurgitation was reported in 16 %  in the systematic review noted 
above. Chest pain may be a symptom of GERD, even the pre-
senting symptom ( 2,3 ). Distinguishing cardiac from non-cardiac 
chest pain is required before considering GERD as a cause of chest 
pain. Although the symptom of dysphagia can be associated with 
uncomplicated GERD, its presence warrants investigation for a 
potential complication including an underlying motility disorder, 
stricture, ring, or malignancy ( 8 ). Chronic cough, asthma, chronic 
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  Table 1 .    Summary and strength of recommendations   

    Establishing the diagnosis of Gastroesophageal Refl ux Disease (GERD)  

   1.  A presumptive diagnosis of GERD can be established in the setting of typical symptoms of heartburn and regurgitation. Empiric medical therapy with a proton pump 
inhibitor (PPI) is recommended in this setting. (Strong recommendation, moderate level of evidence) 

   2.  Patients with non-cardiac chest pain suspected due to GERD should have diagnostic evaluation before institution of therapy. (Conditional recommendation, moderate 
level of evidence). A cardiac cause should be excluded in patients with chest pain before the commencement of a gastrointestinal evaluation (Strong recommendation, 
low level of evidence) 

   3. Barium radiographs should not be performed to diagnose GERD (Strong recommendation, high level of evidence) 

   4.  Upper endoscopy is not required in the presence of typical GERD symptoms. Endoscopy is recommended in the presence of alarm symptoms and for screening 
of patients at high risk for complications. Repeat endoscopy is not indicated in patients without Barrett’s esophagus in the absence of new symptoms. (Strong recom-
mendation, moderate level of evidence) 

   5. Routine biopsies from the distal esophagus are not recommended specifi cally to diagnose GERD. (Strong recommendation, moderate level of evidence) 

   6. Esophageal manometry is recommended for preoperative evaluation, but has no role in the diagnosis of GERD. (Strong recommendation, low level of evidence) 

   7.  Ambulatory esophageal refl ux monitoring is indicated before consideration of endoscopic or surgical therapy in patients with non-erosive disease, as part of the 
evaluation of patients refractory to PPI therapy, and in situations when the diagnosis of GERD is in question. (Strong recommendation, low level of evidence). 
Ambulatory refl ux monitoring is the only test that can assess refl ux symptom association (strong recommendation, low level of evidence). 

   8.  Ambulatory refl ux monitoring is not required in the presence of short or long-segment Barrett’s esophagus to establish a diagnosis of GERD. (Strong 
recommendation, moderate level of evidence) 

   9.  Screening for  Helicobacter pylori  infection is not recommended in GERD patients. Treatment of  H. pylori  infection is not routinely required as part of antirefl ux therapy. 
(Strong recommendation, low level of evidence) 

    Management of GERD  

   1. Weight loss is recommended for GERD patients who are overweight or have had recent weight gain. (Conditional recommendation, moderate level of evidence) 

   2.  Head of bed elevation and avoidance of meals 2 – 3   h before bedtime should be recommended for patients with nocturnal GERD. (Conditional recommendation, 
low level of evidence) 

   3.  Routine global elimination of food that can trigger refl ux (including chocolate, caffeine, alcohol, acidic and / or spicy foods) is not recommended in the treatment of 
GERD. (Conditional recommendation, low level of evidence) 

   4.  An 8-week course of PPIs is the therapy of choice for symptom relief and healing of erosive esophagitis. There are no major differences in effi cacy between the different 
PPIs. (Strong recommendation, high level of evidence) 

   5.  Traditional delayed release PPIs should be administered 30 – 60   min before meal for maximal pH control. (Strong recommendation, moderate level of 
evidence). Newer PPIs may offer dosing fl exibility relative to meal timing. (Conditional recommendation, moderate level of evidence) 

   6.  PPI therapy should be initiated at once a day dosing, before the fi rst meal of the day. (Strong recommendation, moderate level of evidence). For patients with partial 
response to once daily therapy, tailored therapy with adjustment of dose timing and / or twice daily dosing should be considered in patients with night-time symptoms, 
variable schedules, and / or sleep disturbance. (Strong recommendation, low level of evidence). 

   7. Non-responders to PPI should be referred for evaluation. (Conditional recommendation, low level of evidence, see refractory GERD section). 

   8.  In patients with partial response to PPI therapy, increasing the dose to twice daily therapy or switching to a different PPI may provide additional symptom relief. (Conditional 
recommendation, low level evidence). 

 9.  Maintenance PPI therapy should be administered for GERD patients who continue to have symptoms after PPI is discontinued, and in patients with complications 
including erosive esophagitis and Barrett’s esophagus. (Strong recommendation, moderate level of evidence). For patients who require long-term PPI therapy, it should be 
administered in the lowest effective dose, including on demand or intermittent therapy. (Conditional recommendation, low level of evidence) 

   10.  H 2 -receptor antagonist (H 2 RA) therapy can be used as a maintenance option in patients without erosive disease if patients experience heartburn relief. (Conditional 
recommendation, moderate level of evidence). Bedtime H 2 RA therapy can be added to daytime PPI therapy in selected patients with objective evidence of night-time 
refl ux if needed, but may be associated with the development of tachyphlaxis after several weeks of use. (Conditional recommendation, low level of evidence) 

   11.  Therapy for GERD other than acid suppression, including prokinetic therapy and / or baclofen, should not be used in GERD patients without diagnostic evaluation. 
(Conditional recommendation, moderate level of evidence) 

   12. There is no role for sucralfate in the non-pregnant GERD patient. (Conditional recommendation, moderate level of evidence) 

   13. PPIs are safe in pregnant patients if clinically indicated. (Conditional recommendation, moderate level of evidence) 

    Surgical options for GERD  

   1. Surgical therapy is a treatment option for long-term therapy in GERD patients. (Strong recommendation, high level of evidence) 

   2. Surgical therapy is generally not recommended in patients who do not respond to PPI therapy. (Strong recommendation, high level of evidence) 

   3.  Preoperative ambulatory pH monitoring is mandatory in patients without evidence of erosive esophagitis. All patients should undergo preoperative 
manometry to rule out achalasia or scleroderma-like esophagus. (Strong recommendation, moderate level of evidence) 

   4.  Surgical therapy is as effective as medical therapy for carefully selected patients with chronic GERD when performed by an experienced surgeon. 
(Strong recommendation, high level of evidence) 

   5.  Obese patients contemplating surgical therapy for GERD should be considered for bariatric surgery. Gastric bypass would be the preferred operation in these patients. 
(Conditional recommendation, moderate level of evidence) 

   6.  The usage of current endoscopic therapy or transoral incisionless fundoplication cannot be recommended as an alternative to medical or traditional surgical therapy. 
(Strong recommendation, moderate level of evidence) 
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  Table 1 .    Continued   

    Potential risks associated with PPIs  

   1. Switching PPIs can be considered in the setting of side-effects. (Conditional recommendation, low level of evidence) 

   2.  Patients with known osteoporosis can remain on PPI therapy. Concern for hip fractures and osteoporosis should not affect the decision to use PPI long-term except in 
patients with other risk factors for hip fracture. (Conditional recommendation, moderate level of evidence) 

   3.  PPI therapy can be a risk factor for  Clostridium diffi cile  infection, and should be used with care in patients at risk. (Moderate recommendation, moderate level of 
evidence) 

   4.  Short-term PPI usage may increase the risk of community-acquired pneumonia. The risk does not appear elevated in long-term users. (Conditional recommendation, 
moderate level of evidence) 

   5.  PPI therapy does not need to be altered in concomitant clopidogrel users as there does not appear to be an increased risk for adverse cardiovascular events. 
(Strong recommendation, high level of evidence) 

    Extraesophageal presentations of GERD: Asthma, chronic cough, and laryngitis  

   1.  GERD can be considered as a potential co-factor in patients with asthma, chronic cough, or laryngitis. Careful evaluation for non-GERD causes should be undertaken in 
all of these patients. (Strong recommendation, moderate level of evidence). 

   2. A diagnosis of refl ux laryngitis should not be made based solely upon laryngoscopy fi ndings. (Strong recommendation, moderate level of evidence) 

   3. A PPI trial is recommended to treat extraesophageal symptoms in patients who also have typical symptoms of GERD. (Strong recommendation, low level of evidence) 

   4.  Upper endoscopy is not recommended as a means to establish a diagnosis of GERD-related asthma, chronic cough, or laryngitis. (Strong recommendation, low level of 
evidence) 

   5.  Refl ux monitoring should be considered before a PPI trial in patients with extraesophageal symptoms who do not have typical symptoms of GERD. 
(Conditional recommendation, low level of evidence) 

   6.  Non-responders to a PPI trial should be considered for further diagnostic testing and are addressed in the refractory GERD section below. (Conditional recommendation, 
low level of evidence) 

   7.  Surgery should generally not be performed to treat extraesophageal symptoms of GERD in patients who do not respond to acid suppression with a PPI. (Strong 
recommendation, moderate level of evidence) 

    GERD refractory to treatment with  PPI s  

   1. The fi rst step in management of refractory GERD is optimization of PPI therapy. (Strong recommendation, low level of evidence) 

   2.  Upper endoscopy should be performed in refractory patients with typical or dyspeptic symptoms principally to exclude non-GERD etiologies. (Conditional recommendation, 
low level of evidence) 

   3.  In patients in whom extraesophageal symptoms of GERD persist despite PPI optimization, assessment for other etiologies should be pursued through concomitant 
evaluation by ENT, pulmonary, and allergy specialists. (Strong recommendation, low level of evidence) 

   4.  Patients with refractory GERD and negative evaluation by endoscopy (typical symptoms) or evaluation by ENT, pulmonary, and allergy specialists (extraesophageal 
symptoms), should undergo ambulatory refl ux monitoring. (Strong recommendation, low level of evidence) 

   5.  Refl ux monitoring  off  medication can be performed by any available modality (pH or impedance-pH). (Conditional recommendation, moderate level evidence). Testing  on  
medication should be performed with impedance-pH monitoring in order to enable measurement of nonacid refl ux. (Strong recommendation, moderate level of evidence). 

   6.  Refractory patients with objective evidence of ongoing refl ux as the cause of symptoms should be considered for additional antirefl ux therapies, which may include 
surgery or TLESR inhibitors. (Conditional recommendation, low level of evidence). Patients with negative testing are unlikely to have GERD and PPI therapy should be 
discontinued. (Strong recommendation, low level of evidence) 

    Complications Associated with GERD  

   1.  The Los Angeles (LA) classifi cation system should be used when describing the endoscopic appearance of erosive esophagitis. (Strong recommendations, moderate level 
of evidence). Patients with LA Grade A esophagitis should undergo further testing to confi rm the presence of GERD. (Conditional recommendation, low level of evidence) 

   2.  Repeat endoscopy should be performed in patients with severe erosive refl ux disease after a course of antisecretory therapy to exclude underlying Barrett’s esophagus. 
(Conditional recommendation, low level of evidence) 

   3.  Continuous PPI therapy is recommended following peptic stricture dilation to improve dysphagia and reduce the need for repeated dilations. (Strong recommendation, 
moderate level of evidence) 

   4. Injection of intralesional corticosteroids can be used in refractory, complex strictures due to GERD. (Conditional recommendation, low level of evidence) 

   5. Treatment with a PPI is suggested following dilation in patients with lower esophageal (Schatzki) rings. (Conditional recommendation, low level of evidence) 

   6.  Screening for Barrett’s esophagus should be considered in patients with GERD who are at high risk based on epidemiologic profi le. (Conditional 
recommendation, moderate level of evidence) 

   7.  Symptoms in patients with Barrett’s esophagus can be treated in a similar fashion to patients with GERD who do not have Barrett’s esophagus. (Strong recommendation, 
moderate level of evidence) 

   8. Patients with Barrett’s esophagus found at endoscopy should undergo periodic surveillance according to guidelines. (Strong recommendation, moderate level of evidence) 

     ENT, ear, nose, and throat; GERD, gastroesophageal refl ux disease; LA, Los Angeles; PPI, proton pump inhibitor.   
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laryngitis, other airway symptoms and so-called extraesophageal 
symptoms are discussed in a subsequent section. Atypical symp-
toms including dyspepsia, epigastric pain, nausea, bloating, and 
belching may be indicative of GERD but overlap with other con-
ditions. A systematic review found that  ~ 38 %  of the general popu-
lation complained of dyspepsia. Dyspepsia was more frequent in 
GERD patients than those without. Th ese patients were at risk for 
a new diagnosis of GERD. Epigastric pain, early satiety, belching 
and bloating were more likely to respond to a PPI therapy com-
pared with nausea. Overall, these symptoms can be considered to 
be associated with GERD if they respond to a PPI trial ( 9 ). 

 A recent systematic review on the burden of GERD on quality 
of life (QOL) included 19 studies. Patients with disruptive GERD 
(daily or     >    weekly symptoms) had an increase in time off  work and 
decrease in work productivity. Low scores on sleep scales were seen 
compared with patients with less frequent symptoms. A decrease 
in physical functioning was also seen ( 10 ). Nocturnal GERD has a 
greater impact on QOL compared with daytime symptoms. Both 
nocturnal symptoms and sleep disturbances are critical to eluci-
date when evaluating the GERD patient ( 11 ). 

 Th e balance of evidence suggests that symptom frequency does 
not change as we age, however, the intensity of symptoms may 
decrease aft er the age of 50 ( 12 ). Aging increases the prevalence 
of erosive esophagitis, Los Angeles (LA) grades C and D ( 13 ). 
Barrett ’ s esophagus increases in prevalence aft er age 50, especially 
in Caucasian males ( 14 ). Th ere are little data addressing the fea-
tures of GERD in women distinct from men. Patients with erosive 
esophagitis are more likely to be men, and women are more likely 
to have NERD. Barrett ’ s esophagus is more frequent in men com-
pared with women ( 15 ). Th e gender ratio for esophageal adenocar-
cinoma is estimated to be 8:1 male to female ( 14 ). 

 Th ere is a defi nite relationship between GERD and obesity. 
Several meta-analysis suggest an association between body mass 
index (BMI), waist circumference, weight gain and the presence 
of symptoms and complications of GERD including ERD and 
Barrett ’ s esophagus ( 16,17 ). Th e ProGERD study, likely the largest of 
its kind (    >    5,000 patients) used logistic regression analysis to iden-
tify several independent risk factors for ERD. Th e odds for higher 
degrees of ERD increased as BMI rose ( 18 ). It is of greatest concern 
that there has been a well-documented association between BMI 
and carcinoma of the esophagus and gastric cardia ( 19 ).  

 ESTABLISHING THE DIAGNOSIS OF GERD 
    Recommendations   
  1.  A presumptive diagnosis of GERD can be established in the 

setting of typical symptoms of heartburn and regurgitation. 
Empiric medical therapy with a PPI is recommended in this set-
ting. (Strong recommendation, moderate level of evidence). 

  2.  Patients with non-cardiac chest pain suspected due to GERD 
should have diagnostic evaluation before institution of 
therapy. (Conditional recommendation, moderate level of 
evidence) A cardiac cause should be excluded in patients with 
chest pain before the commencement of a gastrointestinal 
evaluation (Strong recommendation, low level of evidence) 

  3.  Barium radiographs should not be performed to diagnose 
GERD (Strong recommendation, high level of evidence) 

  4.  Upper endoscopy is not required in the presence of typical 
GERD symptoms. Endoscopy is recommended in the presence 
of alarm symptoms and for screening of patients at high risk for 
complications. Repeat endoscopy is not indicated in patients 
without Barrett ’ s esophagus in the absence of new symptoms. 
(Strong recommendation, moderate level of evidence) 

  5.  Routine biopsies from the distal esophagus are not recom-
mended specifi cally to diagnose GERD. (Strong recommen-
dation, moderate level of evidence) 

  6.  Esophageal manometry is recommended for preoperative 
evaluation, but has no role in the diagnosis of GERD. (Strong 
recommendation, low level of evidence) 

  7.  Ambulatory esophageal refl ux monitoring is indicated before 
consideration of endoscopic or surgical therapy in patients 
with NERD, as part of the evaluation of patients refractory to 
PPI therapy, and in situations when the diagnosis of GERD 
is in question. (Strong recommendation, low level evidence). 
Ambulatory refl ux monitoring is the only test that can assess 
refl ux symptom association (Strong recommendation, low 
level of evidence). 

  8.  Ambulatory refl ux monitoring is not required in the presence of 
short or long-segment Barrett’s esophagus to establish a diagnosis 
of GERD. (Strong recommendation, moderate level of evidence). 

  9.  Screening for  Helicobacter pylori  infection is not recom-
mended in GERD. Eradication of  H. pylori  infection is not 
routinely required as part of antirefl ux therapy (Strong 
recommendation, low level of evidence)   

 Th e diagnosis of GERD is made using some combination of 
symptom presentation, objective testing with endoscopy, ambu-
latory refl ux monitoring, and response to antisecretory therapy. 
( Table 2 ) Th e symptoms of heartburn and regurgitation are the 
most reliable for making a presumptive diagnosis based on his-
tory alone; however, these are not as sensitive as most believe. A 
systematic review of seven studies found the sensitivity of heart-
burn and regurgitation for the presence of erosive esophagitis to 
be 30 – 76 %  and the specifi city from 62 – 96 %  ( 20 ). Empiric PPI 
therapy (a PPI trial) is a reasonable approach to confi rm GERD 
when it is suspected in patients with typical symptoms. A res-
ponse to therapy would ideally confi rm the diagnosis; however, 
a well done meta-analysis suggested some limitations of this 
approach with a sensitivity of 78 %  and specifi city of 54 %  ( 21 ). 
Th erefore, empiric therapy (or a so called PPI trial) has some 
limitations. 

 Non-cardiac chest pain has oft en been associated with the pres-
ence of GERD, and can be the presenting symptom. A meta-anal-
ysis found a high probability that non-cardiac chest pain responds 
to aggressive acid suppression ( 22 ). Th is study supported earlier 
work suggesting the effi  cacy and cost eff ectiveness of a PPI trial 
(PPI twice daily in variable doses) in patients with chest pain in 
whom a cardiac cause had been excluded. However, a more re-
cent systematic review suggested that the response of non-cardiac 
chest pain to a PPI trial was signifi cantly higher than placebo in 
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Th e fi nding of barium refl ux above the thoracic inlet with or with-
out provocative maneuvers including the water siphon test does 
increase the sensitivity of the barium test; however, not suffi  ciently 
to be recommended as a diagnostic test without dysphagia ( 26 ). 

 Th e endoscope has long been the primary tool used to evaluate 
the esophageal mucosa in patients with symptoms suspected due 
to GERD. Findings of GERD include erosive esophagitis, stric-
tures, and a columnar lined esophagus ultimately confi rmed to be 
Barrett ’ s esophagus. As such, endoscopy has excellent specifi city 
for the diagnosis of GERD especially when erosive esophagitis 
is seen and the LA classifi cation is used ( 27 ). However, the vast 
majority of patients with heartburn and regurgitation will not 
have erosions (or Barrett ’ s) limiting upper endoscopy as an initial 
diagnostic test in patients with suspected GERD ( 28 ). Endoscopy 
allows for biopsy of rings and strictures and screening for Barrett ’ s. 
Although epidemiologic risk factors for Barrett ’ s esophagus have 
been well-defi ned (age over 50, symptoms for >5 – 10 years, obes-
ity, male sex) the sensitivity and specifi city of these symptoms for 
abnormal endoscopy makes the utility of screening for Barrett ’ s a 
controversial topic. Recent data indicate that it may be reasonable 
to perform endoscopy for screening in certain high-risk groups 
in particular overweight white males over the age of 50 with 
chronic GERD symptoms ( 12 ). Th e fi nding of any Barrett ’ s eso-
phagus segment has been associated with pathologic GERD and 
generally obviates the need for pH testing ( 29 ). In a 2009 study, 
90 %  of short-segment BE patients were found to have abnormal 
pH-impedance testing ( 30 ). 

 Th e addition of esophageal biopsies as an adjunct to an endo-
scopic examination has been re-emphasized because of the in-
creased prevalence of eosinophilic esophagitis (EoE). Many clini-
cians routinely biopsy the esophagus in patients with refl ux-type 
symptoms to look for EoE in the setting of an endoscopy that does 
not reveal erosive changes. Unfortunately, diff erentiating GERD 
from EoE using only biopsy is diffi  cult and risks making a diagno-
sis and instituting treatment without supportive data. Low eosi-
nophil counts in the distal esophagus while suggestive of GERD 
are not specifi c. In addition, a high eosinophil count may be seen 
with GERD and respond to PPIs (PPI responsive eosinophilia) 
( 31 ). Th e sensitivity of the other histologic fi ndings; basal cell hy-
perplasia, elongation of the rete pegs, papillary elongation, and 
even neutrophils, are of limited clinical usefulness ( 32,33 ). Th ere 
are no studies examining the effi  cacy of PPIs based on microscop-
ic fi ndings alone. Th e use of routine biopsy of the esophagus to 
diagnose GERD cannot be recommended in a patient with heart-
burn and a normal endoscopy based on current literature. In ad-
dition, the practice of obtaining mucosal biopsies from a normal 
appearing esophagogastric junction has not been demonstrated to 
be useful in GERD patients ( 34 ). 

 Esophageal manometry is of limited value in the primary diag-
nosis of GERD. Neither a decreased lower esophageal sphincter 
pressure, nor the presence of a motility abnormality is specifi c 
enough to make a diagnosis of GERD. Manometry should be used 
to aid in placement of transnasal pH-impedance probes and is 
recommended before consideration of antirefl ux surgery prima-
rily to rule out achalasia or severe hypomotility (scleroderma-like 

patients with objective evidence of GERD (ERD on endoscopy 
and / or abnormal pH monitoring) ( 23 ). Th e response to PPIs 
compared with placebo was almost non-existent in the absence of 
objective documentation of GERD. As such, a diagnostic evalu-
ation with endoscopy and pH monitoring should be considered 
before a PPI trial ( 24 ). Th e presence of heartburn in conjunction 
with chest pain was not predictive of PPI response of the chest 
pain component. 

 Dysphagia has historically been an alarm symptom or warning 
sign and an indication for early endoscopy to rule out a GERD 
complication. Respiratory symptoms have been associated with 
GERD, based on retrospective case – control studies. In addition, 
dental erosions, erosion of dental enamel, sinusitis, chronic laryn-
gitis and voice disturbance have similarly been associated with 
GERD. Th ese are discussed later in the article. Overall, heartburn 
and regurgitation remain reliable symptoms of GERD as does 
non-cardiac chest pain. Other symptoms, while associated with 
GERD, are not as reliable. Th e causal relationship between GERD 
and the so-called atypical and extraesophageal manifestations 
remains diffi  cult with only a history. 

 Barium radiographs have been historically considered part of 
the potential diagnostic armamentarium in the patient with eso-
phageal symptoms, including GERD. Although well-performed 
barium esophagrams with double contrast can detect signs of eso-
phagitis, the overall sensitivity of this test is extremely low ( 25 ). 

  Table 2 .    Diagnostic testing for GERD and utility of tests   

    Diagnostic 
test    Indication  

  Highest level 
of evidence    Recommendation  

   PPI trial  Classic symptoms, 
no warning signs, 

 Meta-analysis  Negative trial does 
not rule out GERD 

   Barium 
swallow 

 Not for GERD 
diagnosis. Use 
for evaluation of 
dysphagia 

 Case – control  Do not use 
unless evaluating 
for complication 
(stricture, ring) 

   Endoscopy  Alarm symptoms, 
screening of 
high-risk patients, 
chest pain 

 Randomized 
Controlled 
Trial 

 Consider early for 
elderly, those at risk 
for Barrett’s, non-
cardiac chest pain, 
patients unrespon-
sive to PPI 

   Esophageal 
biopsy 

 Exclude non-
GERD causes for 
symptoms 

 Case – Control  Not indicated for 
diagnosis of GERD 

   Esophageal 
manometry 

 Preoperative 
evaluation for 
surgery 

 Observational  Not recommen-
ded for GERD 
diagnosis. Rule 
out achalasia /
 scleroderma-like 
esophagus preop 

   Ambulatory 
refl ux 
monitoring 

 Preoperatively 
for non-erosive 
disease. refractory 
GERD symptoms, 
GERD diagnosis in 
question 

 Observational  Correlate symptoms 
with refl ux, docu-
ment abnormal 
acid exposure or 
refl ux frequency 

     GERD, gastroesophageal refl ux disease; PPI, proton pump inhibitor.   
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esophagus), conditions that would be contraindications to Nissen 
fundoplication, but not to tailor the operation. 

 Ambulatory refl ux monitoring (pH or impedance-pH) is the 
only test that allows for determining the presence of abnormal 
eso phageal acid exposure, refl ux frequency, and symptom asso-
ciation with refl ux episodes. Performed with either a telemetry 
capsule (usually 48   h) or transnasal catheter (24   h), pH monitoring 
has excellent sensitivity (77 – 100 % ) and specifi city (85 – 100 % ) in 
patients with erosive esophagitis; however, the sensitivity is lower 
in those with endoscopy-negative refl ux symptoms (    <    71 % ) when 
a diagnostic test is more likely to be needed ( 24 ). A consensus 
statement ( 35 ) suggested that impedance added to pH moni-
toring increased the sensitivity of refl ux monitoring to close to 
90 % . Telemetry capsule pH monitoring off ers increased patient 
tolerability and the option to extend the monitoring period to 
48 or perhaps to 96   h. Th e additional monitoring period allows 
for combining and on and off  therapy study in selected situations 
and off ers additional opportunity to correlate symptoms with acid 
refl ux. Catheter-based monitoring allows for the addition of 
impedance and detection of weakly acidic or non-acid refl ux. 
Optimal use of these two options is certainly debated as is wheth-
er to test on or off  therapy. As a true diagnostic test (is abnor-
mal acid exposure present) and for evaluation before considering 
surgery in a patient with NERD an off  therapy test is recommend-
ed. Th e use of on and off  therapy monitoring in refractory GERD 
is discussed subsequently. 

 When symptom correlation is required, the decision is more 
diffi  cult. Th e two symptom association measures most oft en 
used are symptom index (SI) and symptom association proba-
bility (SAP). Both have methodological shortcomings that have 
been reviewed elsewhere ( 36 ) and prospective data to validate 
the ability of these symptom association measures to predict 
response to treatment is scarce. Both the SI and SAP have been 
validated when pH monitoring is performed off  therapy in a 
patient with heartburn. A positive test on therapy, coupled with 
a symptom relationship, theoretically suggests GERD as a cause 
for symptoms but outcome studies are lacking for any symptom 
other than heartburn. For patient management, a strongly posi-
tive SI or SAP may suggest the need for a therapeutic interven-
tion and a negative result supports the notion that the patient ’ s 
symptoms are unlikely to be due to refl ux. However, these indi-
ces should not be used in isolation and other refl ux monitoring 
parameters as well the patient ’ s presentation have to be taken 
into account. 

 Th e relationship between  H. pylori  infection and GERD is 
controversial. As such, a full discussion is beyond the scope of 
this article. One issue most oft en discussed is whether treat-
ment of  H. pylori  should be altered because of an exacerbation 
of GERD and if patients on long-term PPIs require screening 
and subsequent eradication of the bug to prevent the possibility 
of increasing risk of gastric cancer. A meta-analysis of 12 stud-
ies found no increase in GERD (erosive esophagitis) in patients 
with dyspeptic symptoms who were eradicated compared with 
those not. Th is same study found, in subgroup analysis, patients 
with peptic ulcer disease might experience the new onset of 

GERD symptoms aft er  H. pylori  eradication ( 37 ). Concern for 
the use of long-term PPI therapy in patients with  H. pylori  infec-
tion has been raised because of the potential for development of 
atrophic gastritis in infected patients on long-term PPI ( 38 ). Th is 
study prompted a Food and Drug Administration (FDA) review 
panel that concluded that the evidence was not suffi  cient to rec-
ommend testing of all patients on long-term PPI. Th e fl aws in 
this study and lack of observational data on negative outcomes 
lead us to recommend against screening of GERD patients for 
 H. pylori  despite the European recommendation in favor of 
screening ( 39 ). 

 GERD is frequent during pregnancy, manifests as heartburn, 
and may begin in any trimester. One study found onset of 52 %  
in the fi rst trimester, 40 %  in the second trimester, and 8 %  in 
the third trimester ( 40 ). Among 607 pregnant women attend-
ing an antenatal clinic, 22 %  experienced heartburn in the fi rst 
trimester, 39 %  in the second, and 72 %  in the third, whereas 
only 14 %  of these women reported mild heartburn before their 
pregnancy ( 41 ). Severity also increased throughout pregnancy. 
Signifi cant predictors of heartburn are increasing gestational 
age, heartburn before pregnancy, and parity. Maternal age is 
inversely correlated with heartburn. Race, pre-pregnancy BMI, 
and weight gain in pregnancy do not correlate with the onset of 
heartburn. Despite its frequent occurrence during pregnancy, 
heartburn usually resolves aft er delivery ( 42 ). Pregnancy and 
amount of weight gain during pregnancy were risk factors for 
frequent GERD symptoms 1 year post delivery ( 43 ). No other 
GERD symptom has been studied in pregnancy. Th e diagnosis 
of GERD during pregnancy should be based on symptoms and 
treatment symptom-based. Additional diagnostic testing is gene-
rally not required for the majority of patients with suspected 
GERD. In the occasional pregnant patient who does require 
testing, upper endoscopy is the test of choice, but should be re-
served for patients whose symptoms are refractory to medical 
therapy or who have suspected complications. If possible how-
ever, endoscopy should be delayed until aft er the fi rst trimester. 
It is uncommon to require ambulatory pH monitoring during 
pregnancy.    

 MANAGEMENT OF GERD 
   Recommendations    
  1.  Weight loss is recommended for GERD patients who are 

overweight or have had recent weight gain. (Conditional 
recommendation, moderate level of evidence) 

  2.  Head of bed elevation and avoidance of meals 2 – 3   h 
before bedtime should be recommended for patients with 
nocturnal GERD. (Conditional recommendation, low level 
of evidence) 

  3.  Routine global elimination of food that can trigger refl ux 
(including chocolate, caff eine, alcohol, acidic and / or spicy 
foods) is not recommended in the treatment of GERD. 
(Conditional recommendation, low level of evidence) 

  4.  An 8-week course of PPIs is the therapy of choice for 
symptom relief and healing of erosive esophagitis. Th ere are 
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symptoms including caff eine, coff ee, chocolate, spicy foods, highly 
acidic foods such as oranges and tomatoes, and foods with high 
fat content. 

 A systematic review ( 44 ) evaluated the eff ect of dietary and other 
lifestyle modifi cations on lower esophageal sphincter pressure, 
esophageal pH, and GERD symptoms. Consumption of tobacco (12 
trials), chocolate (2 trials), and carbonated beverages (2 trials) and 
right lateral decubitus position (3 trials) were shown to lower pressure 
of the lower esophageal sphincter (LES), whereas consumption of 
alcohol (16 trials), coff ee and caff eine (14 trials), spicy foods (2 trials), 
citrus (3 trials), and fatty foods (9 trials) had no eff ect. Th ere was an 
increase in esophageal acid exposure times with tobacco and alcohol 
consumption in addition to ingestion of chocolate and fatty foods. 
However, tobacco and alcohol cessation (4 trials) were not shown to 
raise LESP, improve esophageal pH, or improve GERD symptoms. 
In addition, there have been no studies conducted to date that have 
shown clinical improvement in GERD symptoms or complications 
associated with cessation of coff ee, caff eine, chocolate, spicy foods, 
citrus, carbonated beverages, fatty foods, or mint. A recent systematic 
review concluded that there was lack of evidence that consumption of 
carbonated beverages causes or provokes GERD ( 45 ). 

 Weight gain even in subjects with a normal BMI has been asso-
ciated with new onset of GERD symptoms ( 46 ). Multiple cohort 
studies have demonstrated reduction in GERD symptoms with 
weight loss ( 47,48 ). Roux-en-Y gastric bypass, but not vertical 
banded gastroplasty, has been demonstrated to be eff ective in 
reduction of GERD symptoms ( 49 ). A large case – control study 
based on the Nurses Health Cohort demonstrated a 40 %  reduction 
in frequent GERD symptoms for women who reduced their BMI 
by 3.5 or more compared with controls ( 46 ). 

 Assumption of the recumbent position has been associated with 
worsening of esophageal pH values and GERD symptoms. Th ree 
randomized controlled trials have demonstrated improvement 
in GERD symptoms and esophageal pH values with head of bed 
elevation using blocks or foam wedges ( 50 – 52 ). 

 Medical options for patients failing lifestyle interventions 
include antacids, histamine-receptor antagonists (H 2 RA), or PPI 
therapy. A meta-analysis published in 2010 demonstrated that the 
placebo response in GERD clinical trials approximated 20 %  and 
was lower in patients with erosive esophagitis (11 % ) and PPI trials 
(14 % ) compared with trials with H 2 RAs (25 % ) ( 53 ). PPI therapy 
has been associated with superior healing rates and decreased 
relapse rates compared with H 2 RAs and placebo for patients with 
erosive esophagitis ( 54 ). A 1997 meta-analysis demonstrated supe-
rior healing rates for all grades of erosive esophagitis using PPI 
therapy compared with H 2 RAs, sucralfate, or placebo ( 55 ). Th e 
mean (    ±    s.d.) overall healing proportion irrespective of drug dose 
or treatment duration was highest with PPIs (84 %     ±    11 % ) vs H 2 RAs 
(52 %     ±    17 % ), sucralfate (39 %     ±    22 % ), or placebo (28 %     ±    16 % ). PPIs 
showed a signifi cantly faster healing rate (12 %  / week) vs. H 2 RAs 
(6 %  / week) and placebo (3 %  / week). PPIs provided faster, more 
complete heartburn relief (11.5 %  / week) vs. H 2 RAs (6.4 %  / week) 
 (35).  PPIs are associated with a greater rate of symptom relief in 
patients with ERD ( ~ 70 – 80 % ) compared to patients with NERD 
(where the symptom relief approximates 50 – 60 % ) ( 56,57 ). 

no major diff erences in effi  cacy between the diff erent PPIs. 
(Strong recommendation, high level of evidence) 

  5.  Traditional delayed release PPIs should be administered 
30 – 60   min before meal for maximal pH control. (Strong 
recommendation, moderate level of evidence). Newer 
PPIs may off er dosing fl exibility relative to meal timing 
(Conditional recommendation, moderate level of evidence) 

  6.  PPI therapy should be initiated at once a day dosing, 
before the fi rst meal of the day. (Strong recommendation, 
moderate level of evidence). For patients with partial 
response to once daily therapy, tailored therapy with adjust-
ment of dose timing and / or twice daily dosing should be 
considered in patients with night-time symptoms, variable 
schedules, and / or sleep disturbance. (Strong recommenda-
tion, low level of evidence) 

  7.  Non-responders to PPI should be referred for evaluation. 
(Conditional recommendation, low level of evidence, see 
refractory GERD section) 

  8.  In patients with partial response to PPI therapy, increasing 
the dose to twice daily therapy or switching to a diff erent 
PPI may provide additional symptom relief. (Conditional 
recommendation, low level of evidence) 

  9.  Maintenance PPI therapy should be administered for GERD 
patients who continue to have symptoms aft er PPI is discon-
tinued and in patients with complications including erosive 
esophagitis and Barrett ’ s esophagus. (Strong recommenda-
tion, moderate level of evidence). For patients who require 
long-term PPI therapy, it should be administered in the lowest 
eff ective dose, including on demand or intermittent therapy. 
(Conditional recommendation, low level of evidence) 

  10.  H 2 -receptor antagonist therapy can be used as a maintenance 
option in patients without erosive disease if patients experi-
ence heartburn relief. (Conditional recommendation, 
moderate level of evidence). Bedtime H 2 RA therapy can be 
added to daytime PPI therapy in selected patients with objec-
tive evidence of night-time refl ux if needed but may be 
associated with the development of tachyphlaxis aft er several 
weeks of usage. (Conditional recommendation, low level 
of evidence) 

  11.  Th erapy for GERD other than acid suppression, including 
prokinetic therapy and / or baclofen, should not be used in 
GERD patients without diagnostic evaluation. (Conditional 
recommendation, moderate level of evidence) 

  12.  Th ere is no role for sucralfate in the non-pregnant GERD 
patient. (Conditional recommendation, moderate level of 
evidence) 

  13.  PPIs are safe in pregnant patients if clinically indicated. 
(Conditional recommendation, moderate level of evidence)       

 SUMMARY OF THE EVIDENCE 
 Lifestyle interventions are part of therapy for GERD. ( Table 3 ) 
Counseling is oft en provided regarding weight loss, head of bed 
elevation, tobacco and alcohol cessation, avoidance of late-night 
meals, and cessation of foods that can potentially aggravate refl ux 
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 For patients with non-erosive refl ux disease, a Cochrane sys-
tematic review demonstrated superiority for PPI therapy com-
pared with H 2 RAs and prokinetics for heartburn relief ( 58 ). On 
the basis of 32 trials with over 9,700 participants, the relative risk 
(RR) for heartburn remission (the primary effi  cacy variable) in 
placebo-controlled trials for PPI was 0.37 (two trials, 95 %  confi -
dence interval (CI) 0.32 – 0.44), for H 2 RAs 0.77 (two trials, 95 %  CI 
0.60 – 0.99) and for prokinetics 0.86 (one trial, 95 %  CI 0.73 – 1.01). 
In a direct comparison, PPIs were more eff ective than H 2 RAs 
(seven trials, RR 0.66, 95 %  CI 0.60 – 0.73) and prokinetics (two tri-
als, RR 0.53, 95 %  CI 0.32 – 0.87). 

 Th ere are currently seven available PPIs including three that 
can be obtained over-the-counter (omeprazole, lansoprazole, 
and omeprazole-sodium bicarbonate). Four are available only by 
prescription (rabeprazole, pantoprazole, esomeprazole, and dex-
lansoprazole). Meta-analyses fail to show signifi cant diff erence 
in effi  cacy for symptom relief between PPIs ( 59 ). A meta-analysis 
published in 2006 examining effi  cacy of PPI therapy for healing of 
erosive esophagitis included 10 studies (15,316 patients) (except 
for omeprazole-sodium bicarbonate and dexlansoprazole) ( 59 ). 
At 8 weeks, there was a 5 %  (RR, 1.05; 95 %  CI 1.02 – 1.08) rela-
tive increase in the probability of healing of erosive esophagitis 
with esomeprazole, yielding an absolute risk reduction of 4 %  and 
number needed to treat (NNT) of 25. Th e calculated NNTs by LA 

grade of erosive esophagitis (grades A – D) were 50, 33, 14, and 8, 
respectively. Esomeprazole conferred an 8 %  (RR, 1.08; 95 %  CI 
1.05 – 1.11) relative increase in the probability of GERD symptom 
relief at 4 weeks. Th e clinical importance of this small diff erence 
is unclear. All of the PPIs with the exception of omeprazole-
sodium bicarbonate and dexlansoprazole, should be administered 
30 – 60   min before meals to assure maximal effi  cacy. Omeprazole-
sodium bicarbonate, an immediate-release PPI, has been dem-
onstrated to more eff ectively control nocturnal gastric pH in the 
fi rst 4   h of sleep compared with other PPIs when each is admin-
istered at bedtime ( 60 ). Whether this eff ect leads to any superior 
clinical outcomes including symptom control, requires further 
study. Dexlansoprazole is a dual delayed release PPI released 
in 2009. Comparative trials of dexlansoprazole compared 
only with lansoprazole 30   mg demonstrated superior control 
in esophageal pH values in one trial, and the convenience of 
being able to dose the drug any time of the day regardless of 
food intake ( 61 ). Superiority to lansoprazole in healing of erosive 
esophagitis was demonstrated in one trial, with non-inferiority 
in another study ( 62 ). 

 As stated above, it would be expected that  ~ 70 – 80 %  of patients 
with ERD would demonstrate complete relief on PPI therapy and 
60 %  of patients with NERD. Partial relief of GERD symptoms 
aft er a standard 8-week course of PPI therapy has been found 
in 30 – 40 %  of patients and does not diff er in patients taking PPI 
once or twice daily. Th e evaluation and management of patients 
with incomplete response are discussed in the refractory GERD 
section. Risk factors for lack of symptom control have included 
patients with longer duration of disease, presence of hiatal her-
nia, extraesophageal symptoms, and lack of compliance ( 63 ). 
Delayed release PPIs are most eff ective in controlling intragastric 
pH when taken before a meal ( 64 ) and are generally less eff ec-
tive when taken at bedtime. Th e exceptions to this rule appear to 
be for the administration of dexlansoprazole  (65),  which appears 
to have similar effi  cacy in pH control regardless of meal timing, 
and omeprazole-sodium bicarbonate, which can control night-
time pH when given at bedtime. Suboptimal dosing is common 
in practice ( 66 ). Although PPI switching is common in clinical 
practice, there is limited data to support this practice. Data from 
one randomized controlled trial demonstrated that in GERD 
patients refractory to once-daily lansoprazole, switching patients 
to esomeprazole therapy once daily was as eff ective as increas-
ing to twice daily lansoprazole ( 67 ). Th ere is no data to support 
switching PPIs more than once in partial or non-responders. 

 Maintenance PPI therapy should be administered for GERD 
patients who continue to have symptoms aft er PPI is discon-
tinued and in patients with complications including erosive 
esophagitis and Barrett ’ s esophagus. In patients found to have 
NERD, two-third of the patients will demonstrate symptomatic 
relapse off  of PPIs over time ( 68 ). For patients found to have LA 
grade B – C esophagitis, nearly 100 %  will relapse by 6 months ( 69 ). 
In patients found to have any length of BE, retrospective studies 
have suggested a decreased risk for dysplasia in patients continu-
ing PPI usage ( 70 ). On the other hand, studies have demonstrated 
that patients with NERD and otherwise non-complicated GERD 

  Table 3 .    Effi cacy of lifestyle interventions for GERD   

    Lifestyle 
intervention  

  Effect of inter-
vention on GERD 
parameters  

  Sources 
of data    Recommendation  

   Weight loss 
( 46,47,48 ) 

 Improvement of 
GERD symptoms 
and esophageal 
pH 

 Case – Control  Strong recommenda-
tion for patients with 
BMI>25 or patients 
with recent weight 
gain 

   Head of bed 
elevation 
( 50 – 52 ) 

 Improved 
eso phageal pH 
and symptoms 

 Randomized 
Controlled 
Trial 

 Head of bed eleva-
tion with foam wedge 
or blocks in patients 
with nocturnal GERD 

   Avoidance of 
late evening 
meals 
( 180, 181 ) 

 Improved 
nocturnal gastric 
acidity but not 
symptoms 

 Case – Control  Avoid eating meals 
with high fat content 
within 2 – 3   h of 
reclining 

   Tobacco and 
alcohol 
cessation 
( 182 – 184 ) 

 No change in 
symptoms or 
esophageal pH 

 Case – Control  Not recommended 
to improve GERD 
symptoms 

   Cessation of 
chocolate, 
caffeine, spicy 
foods, citrus, 
carbonated 
beverages 

 No studies 
performed 

 No evidence  Not routinely recom-
mended for GERD 
patients. Selective 
elimination could be 
considered if patients 
note correlation with 
GERD symptoms and 
improvement with 
elimination 

     BMI, body mass index; GERD, gastroesophageal refl ux disease.   
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treatment options for GERD symptoms refractory to PPIs, a trial 
of baclofen at a dosage of 5 – 20 mg three times a day can be con-
sidered in patients with objective documentation of continued 
symptomatic refl ux despite optimal PPI therapy, based on two 
short-term randomized controlled trials that demonstrated symp-
tomatic improvement with this agent ( 82,83 ). Th e clinician should 
be aware that there has not been long-term data published regard-
ing effi  cacy of baclofen in GERD. Usage is limited by side eff ects of 
dizziness, somnolence, and constipation. Baclofen is not approved 
by the FDA for the treatment of GERD.  

 SURGICAL OPTIONS FOR GERD 
   Recommendations    
  1.  Surgical therapy is a treatment option for long-term therapy 

in GERD patients. (Strong recommendation, high level of 
evidence) 

  2.  Surgical therapy is generally not recommended in patients 
who do not respond to PPI therapy. (Strong recommenda-
tion, high level of evidence) 

  3.  Preoperative ambulatory pH monitoring is mandatory in 
patients without evidence of erosive esophagitis. All patients 
should undergo preoperative manometry to rule out achala-
sia or scleroderma-like esophagus. (Strong recommendation, 
moderate level of evidence) 

  4.  Surgical therapy is as eff ective as medical therapy for care-
fully selected patients with chronic GERD when performed 
by an experienced surgeon. (Strong recommendation, high 
level of evidence) 

  5.  Obese patients contemplating surgical therapy for GERD 
should be considered for bariatric surgery. Gastric bypass 
would be the preferred operation in these patients. 
(Conditional recommendation, moderate level of evidence) 

  6.  Th e usage of current endoscopic therapy or transoral 
incisionless fundoplication cannot be recommended as 
an alternative to medical or traditional surgical therapy. 
(Conditional recommendation, moderate level of evidence)       

 SUMMARY OF THE EVIDENCE 
 Potential surgical options for GERD include laparoscopic fun-
doplication or bariatric surgery in the obese. Reasons to refer 
GERD patients for surgery may include desire to discontinue 
medical therapy, non-compliance, side-eff ects associated with 
medical therapy, the presence of a large hiatal hernia, esophagi-
tis refractory to medical therapy, or persistent symptoms docu-
mented to be caused by refractory GERD. With the introduction 
of esophageal pH-impedance monitoring, patients found to 
have abnormal amounts of non-acid refl ux on PPI therapy with 
good symptom correlation may be considered for surgery ( 85 ). 
Refractory dyspeptic symptoms including nausea, vomiting    , 
and epigastric pain are less likely to demonstrate symptomatic 
response. Th e highest surgical responses are seen in patients 
with typical symptoms of heartburn and / or regurgitation that 
demonstrate good response to PPI therapy or have abnormal 

can be managed successfully with on-demand or intermittent 
PPI therapy. In a randomized controlled trial ( 71 ) published in 
1999, 83 %  of NERD patients randomized to 20   mg of omeprazole 
on demand were in remission at 6 months compared with 56 %  
of patients on placebo. In a systematic review of randomized con-
trolled trials comparing on-demand PPI vs. placebo, 17 studies 
were included (5 in NERD patients, 4 with NERD and mild 
esophagitis, and 2 studies with ERD) ( 72 ). Th e symptom-free 
days for patients in the on-demand arms were equivalent to 
rates for patients on continuous PPI therapy and superior to 
placebo in patients with NERD, but not for patients with ERD. 
Step-down therapy to H 2 RAs is another acceptable option for 
NERD patients ( 73 ). 

 Medical options for GERD patients with incomplete response 
to PPI therapy are limited. Th e addition of bedtime H 2 RA has 
been recommended for patients with symptoms refractory to 
PPI. Th is approach gained popularity aft er multiple intragastric 
pH studies demonstrated overnight pH control. One well-done 
study suggested potential tachyphylaxis of pH control occurring 
aft er a month of therapy ( 74 ). In light of this study and a lack of 
prospective clinical trial use of a bedtime H 2 RA might be most 
benefi cial if dosed on as needed basis in patients with provoca-
ble night-time symptoms and patients with objective evidence on 
pH monitoring of overnight esophageal acid refl ux despite opti-
mal PPI use. 

 Prokinetic therapy with metoclopramide in addition to PPI 
therapy is another option oft en considered for these patients. 
Metoclopramide has been shown to increase LESP, enhance 
esophageal peristalsis and augment gastric emptying ( 75 ). Clini-
cal data showing additional benefi t of metoclopramide to PPI 
therapy has not been adequately studied. Combination therapy 
of metoclopramide with H 2 RA has not been shown to be more 
eff ective compared with H 2 RA or prokinetic therapy alone ( 76 ). 
Th e usage of metoclopramide has been limited by central nerv-
ous system side eff ects including drowsiness, agitation, irrita-
bility, depression, dystonic reactions, and tardive dyskinesia 
in     <    1 %  of patients ( 77 ). Practically speaking, in the absence 
of gastroparesis, there is no clear role for metoclopramide in 
GERD. For the small number of patients who may benefi t from a 
prokinetic, another option is domperidone, a peripherally acting 
dopamine agonist, which can be obtained through application 
for an investigational drug usage permit from the FDA as it does 
not have approval for usage in GERD. Th e effi  cacy of domperi-
done has been demonstrated to be equivalent to that of metoclo-
pramide for gastric emptying but little to no data are available in 
GERD ( 78 ). Monitoring for QT prolongation is performed due 
to a small risk for ventricular arrhythmia and sudden cardiac 
death ( 79 ). 

 Th e usage of baclofen is another alternative for refractory 
GERD patients. Baclofen, a GABA(b) agonist, has been demon-
strated to be eff ective in GERD by its ability to reduce tran-
sient LES relaxations ( 80 ), and refl ux episodes ( 81 ). Baclofen 
has also been demonstrated to decrease the number of post-
prandial acid and non-acid refl ux events ( 82 ), nocturnal refl ux 
activity ( 83 ), and belching episodes ( 84 ). Given the limited 
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ambulatory pH studies with good symptom correlation ( 86 ). In 
this patient cohort, long-term remission rates can be expected to 
be comparable and in some cases statistically superior to medical 
therapy. In a long-term follow-up of a Veterans Aff airs Coopera-
tive cooperative randomized controlled trial comparing medical 
to surgical therapy for GERD, 92 %  of the patients in the medi-
cal arm were using medical therapy compared with 62 %  of the 
surgical cohort at 10 years ( 87 ). In a 12-year long-term follow-up 
of patients randomized to fundoplication compared with ome-
prazole, 53 %  of the surgery cohort were in remission compared 
with 45 %  of the medically treated patients ( P     =    0.02), although 
symptoms of gas-bloat syndrome remained more common in the 
surgical cohort ( 88 ). 

 Patients choosing to undergo surgical therapy for GERD may 
face some additional risks including increased short-term risk 
of mortality. Th e most common adverse events associated with 
fundoplication include the gas-bloat syndrome in 15 – 20 %  of 
patients. A recent meta-analysis concluded that the prevalence 
of postoperative dysphagia and inability to belch were signifi -
cantly lower in patients undergoing partial fundoplication com-
pared with patients undergoing total fundoplication ( 89 ). In a 
Cochrane review, four randomized trials with over 1,200 subjects 
randomized to medical or surgical therapy were included ( 90 ). 
All four studies reported signifi cant improvements in GERD-
specifi c QOL aft er surgery compared with medical therapy 
although data were not combined. Th ere was evidence to suggest 
that symptoms of heartburn, refl ux, and bloating were improved 
more aft er surgery compared with medical therapy, but a small 
proportion of participants reported persistent postoperative dys-
phagia. Overall rates of postoperative complications were low, 
but fundoplication was associated with a potential for adverse 
postoperative events. 

 Outcomes in patients with extraesophageal symptoms undergo-
ing Nissen fundoplication have been less encouraging. In patients 
enrolled in a VA Cooperative study, no signifi cant change in pulmo-
nary function tests were demonstrated aft er 1 year of surgery, even 
in patients with abnormal baseline pulmonary function tests ( 91 ). 
A randomized controlled trial of cimetidine vs. fundoplication and 
placebo for asthma symptoms demonstrated equivalent effi  cacy 
for medical and surgical therapy compared with placebo but no 
signifi cant change in FEV1 at 6 months ( 92 ). In a 2003 Cochrane 
review, medical or surgical antirefl ux therapy was not associated 
with improvement in pulmonary function, asthma symptoms, or 
use of medication ( 93 ). Although surgery can be eff ective in care-
fully selected patients with extraesophageal or atypical symptoms, 
response rates are lower than in patients with heartburn ( 86 ). It is 
particularly important to carefully evaluate patients with so-called 
laryngopharyngeal refl ux before considering fundoplication. 
A response to PPI is critical. In the absence of a PPI response, 
surgery is unlikely to be eff ective even with an abnormal pH 
study ( 94 ). 

 Given the increasing prevalence of obesity in the US, gastric 
bypass has become a more common procedure compared 
with Nissen fundoplication. A 2009 review assessed the effi  cacy 
for surgical therapies for obesity on gastroesophageal refl ux ( 95 ). 

In studies assessing Roux-en-Y gastric bypass surgery, GERD 
symptoms improved when assessed postoperatively via question-
naire. Roux-en-Y was more eff ective compared with gastric band-
ing in one study. Of the eight studies assessing vertical banded 
gastroplasty, one study showed improvement in GERD symptoms, 
but the other studies demonstrated no change or an increase in 
refl ux symptoms. Th e eff ects of gastric banding on GERD symp-
toms in eight studies were confl icting. 

 Endoscopic therapies for GERD have been developed but have 
not demonstrated long-term effi  cacy. Th ese therapies included 
radiofrequency augmentation to the lower esophageal sphincter, 
silicone injection into the lower esophageal sphincter, and endo-
scopic suturing of the LES. None of these therapies demonstrated 
long-term improvement in esophageal pH levels or the ability for 
patients to stop antirefl ux therapy and were subsequently removed 
from the US marketplace ( 96 ). Recent alternative approaches have 
included transoral incisionless fundoplication, a suturing device 
designed to create a full thickness gastroesophageal valve from 
inside the stomach. Unfortunately long-term data regarding effi  -
cacy of this device are limited to a small number of subjects and 
short duration of follow-up ( 97 ). A recent study suggested that 
at 36 months of follow-up, the majority of patients had required 
additional medical therapy or a revisional fundoplication ( 98 ). 

 Sphincter augmentation using the LINX Refl ux system con-
structed of titanium beads has shown effi  cacy up to 4 years in the 
reduction of the amount of pathologic esophageal acid exposure 
in a small number of subjects ( 99 ). Th is device has been approved 
by the FDA based on a clinical study in 100 GERD patients. Th is 
study found that performance of LINX resulted in consistent 
symptom relief and pH control with markedly fewer side eff ects 
than traditional laparoscopic fundoplication in well-selected 
patients. More data are required before widespread usage can be 
recommended.  

 POTENTIAL RISKS ASSOCIATED WITH PPIs 
   Recommendations    
  1.  Switching PPIs can be considered in the setting of side 

eff ects. (Conditional recommendation, low level of evidence) 
  2.  Patients with known osteoporosis can remain on PPI therapy. 

Concern for hip fractures and osteoporosis should not aff ect 
the decision to use PPI long-term except in patients with 
other risk factors for hip fracture. (Strong recommendation, 
moderate level of evidence) 

  3.  PPI therapy can be a risk factor for Clostridium diffi  cile 
infection and should be used with care in patients at risk. 
(Strong recommendation, moderate level of evidence) 

  4.  Short-term PPI usage may increase the risk of community-
acquired pneumonia. Th e risk does not appear elevated in 
long-term users. (Conditional recommendation, moderate 
level of evidence) 

  5.  PPI therapy does not need to be altered in concomitant clopi-
dogrel users as clinical data does not support an increased 
risk for adverse cardiovascular events. (Strong recommenda-
tion, high level of evidence)       
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1.11 – 1.46) and H 2 RAs (adjusted OR 1.22, 95 %  CI 1.09 – 1.36). 
However, when the randomized controlled trial data were ana-
lyzed, only use of H 2 RAs was associated with an elevated risk 
of hospital-acquired pneumonia (RR 1.22, 95 %  CI 1.01 – 1.48) A 
more recent meta-analysis (six nested case – control studies) found 
an increased risk of community acquired pneumonia (CAP) 
associated with PPI usage (OR 1.36, 95 %  CI 1.12 – 1.65), but the 
results were confounded by signifi cant heterogeneity ( 104 ). In 
exploratory subgroup analysis, short duration of use was asso-
ciated with an increased odds of CAP (OR 1.92 (95 %  CI 1.40 –
 2.63),  P     =    0.003), whereas chronic use was not (OR 1.11 (95 %  CI 
0.90 – 1.38),  P     <    0.001). Other studies have also demonstrated an 
increased risk of CAP associated only with short-term PPI usage 
( 105,106 ). In summary, PPI therapy should not be withheld 
in patients requiring therapy due to a potential risk of CAP; 
however, the diagnosis of pneumonia and timing of initiation 
of PPI therapy deserves further study. 

 Reduction in gastric acid has been associated with decreased 
release of ionized calcium from calcium salts and protein-bound 
calcium. Although some physiologic data have suggested that 
PPIs might inhibit osteoclast-mediated bone resorption, clini-
cal studies have rendered mixed results. In the Manitoba Bone 
Mineral Density Database, the study with the longest follow-up 
to date ( 107 ), cases with osteoporosis at the hip or lumbar verte-
brae were matched to three controls with normal bone mineral 
density. PPI use over the previous 5 years was not associated with 
having osteoporosis at either the hip (OR 0.84; 95 %  CI, 0.55 –
 1.34) or the lumbar spine (OR 0.79; 95 %  CI, 0.59 – 1.06), and it 
was concluded that the association between PPI use and hip frac-
ture was probably related to factors independent of osteoporo-
sis. A 2010 case – control study demonstrated that the excess hip 
fracture risk among PPI users was only present in persons with 
at least one other risk factor ( 108 ). Two meta-analyses published 
in 2011 demonstrated small increases in risk of hip fracture (OR 
1.2) but were limited by substantial heterogeneity among studies 
included ( 109,110 ). 

 In 2009, the FDA issued a warning regarding the potential for 
increased adverse cardiovascular events in concomitant users of 
PPI and clopidogrel therapy, particularly among users of omepra-
zole, lansoprazole, and esomeprazole. Th e concern arises from 
the fact that the antiplatelet activity of clopidogrel requires activa-
tion by CYP 2C19, the same pathway required for metabolism of 
some PPIs. Initial studies raised concern for a potential interac-
tion based on  in vitro  tests demonstrating that clopidogrel ’ s ability 
to inhibit platelet aggregation was decreased in the presence of 
PPIs ( 111,112 ). Subsequent retrospective studies yielded confl ict-
ing results with some publications suggesting an increased risk 
for cardiovascular events ( 113 – 115 ) and others showing lack of 
eff ect ( 116,117 ). In two randomized controlled trials, PPIs did not 
increase the risk of adverse events in patients receiving clopidog-
rel ( 118,119 ). Meta-analyses have demonstrated that the strength 
of potential interactions is dependent upon the assessment of 
clinical outcomes, adjustment for confounders, and data quality. 
For example, in a meta-analysis including 26 studies (16 published 
articles, 10 abstracts), the authors divided the analyses between 

 SUMMARY OF THE EVIDENCE 
 Potential adverse events associated with PPI therapy have 
included headache, diarrhea, and dyspepsia in     <    2 %  of users. 
Switching to another PPI can be attempted in these patients or 
in patients who fail to respond to an initial PPI, although data 
supporting this practice are limited. Other potential adverse 
associations have included vitamin and mineral defi ciencies, 
association with community-acquired infections including 
pneumonia and diarrhea, hip fractures and osteoporosis, and 
increased cardiovascular events in patients using concomitant 
clopidogrel therapy. Th e FDA issued warnings regarding the 
potential for wrist, hip, and spine fractures among PPI users 
in 2010 and warnings regarding potential for adverse cardio-
vascular events among clopidogrel users taking PPI therapy in 
2009. Because of these concerns, multiple meta-analyses and 
systematic reviews have been published. 

 Th e reason for concern regarding potential vitamin B12 defi -
ciency in PPI users derives from the fact that the fi rst step in cobala-
min absorption requires gastric acid and pepsin in order to release 
cobalamin from dietary proteins. In two recent reviews, there was 
no supporting clinical evidence to document the development 
of B12 defi ciency in chronic PPI users ( 100,101 ). However, recent 
studies have suggested that in elderly institutionalized long-term 
PPI users, B12 defi ciency is more likely to develop and should be 
considered in this cohort. 

 Gastric acid is necessary to allow absorption of non-heme 
iron and also enhances iron salt dissociation from ingested 
food. Iron defi ciency anemia has been reported in patients with 
atrophic gastritis, gastric resection, or vagotomy. Th ere currently is 
no data demonstrating the development of iron defi ciency anemia 
in normal subjects on PPI therapy ( 100 ). 

 By their eff ects in increasing gastric pH levels, the usage of 
PPIs may encourage growth of gut microfl ora and increase sus-
ceptibility to organisms including  Salmonella ,  Campylobacter 
jejuni ,  Escherichia coli ,  Clostridium diffi  cile ,  Vibrio cholerae,  
and  Listeria . A systematic review published in 2011 found an 
increased susceptibility in PPI users for Salmonella infections 
(adjusted RR ranging from 4.2 – 8.3 in two studies), Campylo-
bacter (RR 3.5 – 11.7 in four studies) and  C. diffi  cile  infections 
(RR 1.2 – 5.0 in 17 out of 27 studies demonstrating a positive 
association) ( 102 ). Th e studies failing to demonstrate an asso-
ciation were predominantly in older patients     >    65 years of age 
where because of the presence of co-morbid conditions and 
associated hypochlor hydria, the addition of PPI therapy did not 
raise the risk of infection. On the basis of the available evidence, 
PPI usage can be a risk factor for Clostridium diffi  cile and other 
enteric infections and should be used with care in patients at 
risk. 

 An increased risk for community-acquired pneumonia 
cannot be clearly documented in association with PPI therapy. 
A systematic review identifi ed 31 studies (fi ve case – control 
studies, three cohort studies, and 23 randomized controlled 
trials) ( 103 ). A meta-analysis of the eight observational studies 
showed that the overall risk of pneumonia was higher among 
patients using PPIs (adjusted odds ratio (OR) 1.27, 95 %  CI 
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primary outcomes (myocardial infarction, stroke, stent occlusion, 
or death) and secondary outcomes (re-hospitalization for car-
diac symptoms or revascularization procedures) ( 120 ). Clinical 
data from the two randomized controlled trials which included 
usage of all PPIs except for dexlansoprazole did not show an 
increased risk for adverse cardiovascular events (risk diff erence, 
RD 0.0, 95 %  CI     −    0.01, 0.01). Th e meta-analysis of primary out-
comes showed a RD of 0.02 (95 %  CI 0.01, 0.03) for all studies. 
Th e meta-analysis for secondary outcomes yielded a RD of 0.02 
(95 %  CI 0.01 – 0.04) based on 19 published papers and abstracts. 
When primary and secondary outcomes were combined, the 
meta-analysis for published papers yielded an overall RD of 
0.05 (95 %  CI 0.03 – 0.06). Th e authors concluded that in patients 
using concomitant clopidogrel and PPI therapy, the risk of adverse 
cardiac outcomes was 0 %  based on data from well-controlled 
randomized trials. Data from retrospective studies and the addi-
tion of probable vascular events signifi cantly increased the RD 
estimates, likely due to lack of adjustment for potential confound-
ers ( 76 ). Subsequent meta-analyses have concluded that the data 
from two randomized trials did not support an adverse eff ect, 
and that analysis of cardiovascular events from the remainder 
of the studies was limited by moderate-substantial heterogeneity 
( 121,122 ).  

 EXTRAESOPHAGEAL PRESENTATIONS OF GERD: 
ASTHMA, CHRONIC COUGH, AND LARYNGITIS 
   Recommendations    
  1.  GERD can be considered as a potential co-factor in patients 

with asthma, chronic cough, or laryngitis. Careful evalua-
tion for non-GERD causes should be undertaken in all of 
these patients. (Strong recommendation, moderate level of 
evidence). 

  2.  A diagnosis of refl ux laryngitis should not be made based 
solely upon laryngoscopy fi ndings (Strong recommendation, 
moderate level of evidence). 

  3.  A PPI trial is recommended to treat extraesophageal 
symptoms in patients who also have typical symptoms of 
GERD. (Strong recommendation, low level of evidence) 

  4.  Upper endoscopy is not recommended as a means to 
establish a diagnosis of GERD-related asthma, chronic 
cough, or laryngitis. (Strong recommendation, low level of 
evidence) 

  5.  Refl ux monitoring should be considered before a PPI trial 
in patients with extraesophageal symptoms who do not have 
typical symptoms of GERD. (Conditional recommendation, 
low level of evidence). 

  6.  Non-responders to a PPI trial should be considered for 
further diagnostic testing, and are addressed in the refractory 
GERD section below. (Conditional recommendation, low 
level of evidence) 

  7.  Surgery should generally not be performed to treat 
extraesophageal symptoms of GERD in patients who do not 
respond to acid suppression with a PPI. (Strong recommen-
dation, moderate level of evidence)       

 SUMMARY OF THE EVIDENCE 
 Th e spectrum of clinical presentations attributed to GERD has 
expanded from typical esophageal symptoms of heartburn and 
regurgitation, to an assortment of extraesophageal manifestations 
including respiratory and laryngeal symptoms. Several epidemio-
logical studies have identifi ed an association between GERD and 
these extraesophageal symptoms, but causality cannot be inferred 
from these studies. A systematic review of 28 studies found that 
symptoms of GERD and abnormal 24-h pH monitoring were 
present in 59 %  and 51 %  of asthma patients, but concluded that 
there was little data to clarify the direction of causality in this asso-
ciation ( 123 ). Cohort studies suggest that GERD may be the cause 
in 21 – 41 %  of chronic nonspecifi c cough ( 124 ). A large VA popula-
tion case – control study found increased odds ratios for pharyngi-
tis (OR 1.60), aphonia (OR 1.81), and chronic laryngitis (OR 2.01) 
in cases with esophagitis or esophageal stricture compared with 
controls ( 125 ). Th e Montreal Consensus recognized established 
associations between GERD and asthma, chronic cough, and 
laryngitis, while acknowledging that these disorders frequently 
have a multi-factorial etiology and that gastro-esophageal refl ux 
may be a co-factor rather than a cause. Th e Montreal consensus 
also recognized the rarity of extraesophageal syndromes occur-
ring in isolation without concomitant typical symptoms of GERD 
( 3 ). Currently available diagnostic tools to establish GERD as the 
cause of extraesophageal symptoms have serious limitations, and 
recent placebo-controlled trials have failed to show a clear thera-
peutic benefi t of PPIs in treating all-comers with extraesophageal 
symptoms. Th erefore, patients with asthma, chronic cough, or 
laryngitis should have careful evaluation for non-GERD causes. 
GERD should be viewed as a possible contributing factor in some 
but not all patients presenting with these clinical entities. 

 Diagnosing GERD as the cause of extraesophageal symp-
toms has proven to be very challenging. Upper endoscopy can 
document the presence of GERD when erosive esophagitis is 
present, but it is found in only one third of patients with GERD 
symptoms ( 126 ) and is even rarer aft er treatment with PPIs ( 59 ). 
Even when present, fi nding erosive esophagitis does not establish a 
diagnosis of GERD-related asthma, chronic cough, or laryngitis. 

 Ambulatory refl ux monitoring can confi rm the presence of 
GERD by documenting a pathological amount of gastroesopha-
geal refl ux. Current consensus is that the total percentage of time 
the pH is     <    4 is the most useful single discriminator between phys-
iologic and pathologic refl ux ( 127 ). Th ere is great variability in the 
reported prevalence of abnormal pH monitoring in patients with 
asthma ( 123 ), chronic cough ( 128 ), and laryngitis ( 129 ). Similar to 
the fi nding of erosive esophagitis on endoscopy, documentation of 
pathological refl ux on ambulatory monitoring does not establish 
GERD as the cause of the extraesophageal symptoms. On the other 
hand, a negative refl ux monitoring test should direct the diagnos-
tic eff ort toward non-GERD etiologies. Beyond establishing the 
presence of pathological refl ux, ambulatory refl ux monitoring 
may be used to determine whether the patient ’ s symptoms are due 
to refl ux. Th e two most commonly used methods to evaluate 
the temporal association between refl ux episodes and symptoms 
are the symptom index (SI) ( 130 ) and the symptom-association 
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signifi cant improvement in cough scores in those receiving PPI 
(standardized mean diff erence     −    0.41, 95 %  CI     −    0.75 to     −    0.07) 
( 140 ). Th e experience with treating laryngeal symptoms attributed 
to refl ux disease is comparable. A meta-analysis of eight rand-
omized controlled trials found that PPI therapy had no signifi cant 
advantage over placebo in achieving improvement of symptoms of 
suspected GERD-related chronic laryngitis (RR 1.28, 95 %  CI 0.94 
to 1.74) ( 141 ). 

 Th ere are no high-quality randomized controlled trials evaluat-
ing the eff ectiveness of laparoscopic fundoplication for the treat-
ment of extraesophageal symptoms of GERD. A recent Agency 
for Healthcare Research and Quality review on the compara-
tive eff ectiveness of GERD treatments summarized the available 
data on fundoplication for asthma, cough, and laryngitis ( 142 ). 
As explained in detail in this review, all the data on surgery for 
extraesophageal GERD come from surgical cohort studies with 
wide variation in population treated, severity of symptoms, out-
come measures, surgical intervention, and duration of follow-up. 
Although some of these studies may show benefi t, the conclusion 
of the review was that the strength of the evidence was insuffi  cient, 
and no consistent benefi t could be attributed to surgery. 

 On the basis of the information summarized above, PPI therapy 
seems reasonable in patients with asthma, chronic cough, and 
laryngitis who also have typical symptoms of GERD or objective 
evidence of GERD by endoscopy or refl ux monitoring. In these 
patients, acid suppression with PPIs has proven to be benefi -
cial to heal esophagitis and treat typical symptoms; whether the 
extraesophageal symptoms will improve is less predictable. We have 
few well-defi ned markers to predict which patients will respond 
to therapy. Empirical treatment for patients without typical symp-
toms or objective evidence of GERD thus cannot be routinely rec-
ommended. Th e historic recommendation is to treat patients with 
higher dose PPI (twice daily) than patients with typical GERD 
symptoms; however, this is based on uncontrolled and observa-
tional data only ( 143,144 ). Patients who are treated with PPI and 
who do not respond to a 2 – 3 month course of acid suppression can 
be evaluated and managed as proposed in the  “ refractory GERD ”  
section. Th e importance of pursuing non-GERD etiologies in this 
group of patients is critical.  

 GERD REFRACTORY TO TREATMENT WITH PPIs 
   Recommendations    
  1.  Th e fi rst step in management of refractory GERD is optimi-

zation of PPI therapy. (Strong recommendation, low level of 
evidence) 

  2.  Upper endoscopy should be performed in refractory patients 
with typical or dyspeptic symptoms principally to exclude 
non-GERD etiologies. (Conditional recommendation, low 
level of evidence) 

  3.  In patients in whom extraesophageal symptoms of GERD 
persist despite PPI optimization, assessment for other etio-
logies should be pursued through concomitant evaluation by 
ENT, pulmonary, and allergy specialists (Strong recommen-
dation, low level of evidence) 

probability (SAP) ( 131 ). Both methods rely on precise and timely 
symptom recording by the patient, along with accurate refl ux 
detection by the testing device. Symptom association analysis 
performed during refl ux monitoring may document a temporal 
association between refl ux episodes and asthma attacks or cough 
events. Th e sensitivity and specifi city of symptom association ana-
lysis tools is limited and there are no outcome studies to support 
treatment of extraesophageal GERD based on this parameter alone 
( 127 ). A recent study of 237 patients with extraesophageal refl ux 
symptoms that were refractory to PPI, found that the presence of 
heartburn or abnormal acid exposure on pH monitoring predicted 
response to escalation of therapy, but the SI, SAP, or impedance 
variables did not ( 132 ). Th e recent development of ambulatory 
refl ux-cough monitoring by combining impedance-pH to measure 
refl ux (acid or nonacid) along with acoustic detection of cough, 
which eliminates the subjectivity of patient-reported cough, has 
enabled a more accurate assessment of the relationship between 
refl ux and cough; a recent study using this approach was able to 
document refl ux-induced cough as well as cough-induced refl ux 
( 133 ). Whether these technical improvements increase the yield of 
symptom association analysis in patients with cough attributed to 
refl ux requires further studies. 

 Laryngoscopic fi ndings, especially edema and erythema, are 
oft en used to diagnose refl ux-induced laryngitis ( 134 ). It should 
be pointed out that laryngoscopy revealed one or more signs of 
laryngeal irritation in over 80 %  of healthy controls in a well-done 
prospective study ( 135 ). Moreover, in a study of fi ve ENT (ear, 
nose, and throat) physicians who blindly evaluated 120 video 
recordings of laryngoscopy exams, concordance among physicians 
was low for edema, erythema, as well as likelihood and severity 
of laryngopharyngeal refl ux; similarly, intra-rater reliability was 
extremely variable for these fi ndings ( 136 ). It is important to 
keep in mind that signs of laryngeal irritation may also be the 
result of non-GERD etiologies such as allergy, smoking, or voice 
abuse. Th erefore, it is recommended that a diagnosis of refl ux-
induced laryngitis not be made based on laryngoscopy fi ndings 
alone. 

 A course of action that is oft en pursued in clinical practice is 
to empirically prescribe acid suppression with PPIs, especially 
in patients with concomitant typical symptoms of GERD. Two 
randomized controlled trials have shown that PPIs result in 
improvement of various asthma outcomes ( 137,138 ). However, a 
meta-analysis of 11 randomized controlled trials concluded that 
PPI therapy in adults with asthma results in a statistically signi-
fi cant but overall only a small improvement in peak expiratory 
fl ow rate, that is unlikely to be of meaningful clinical signifi cance. 
Th us, there is insuffi  cient evidence to recommend PPIs for rou-
tine asthma treatment when other GERD symptoms are absent 
( 139 ). Improvement in peak expiratory fl ow was greater, though 
still modest, in the eight studies that required evidence of GERD 
(by symptoms, endoscopy, or refl ux monitoring) compared with 
the three studies that did not require evidence of GERD. A meta-
analysis of nine randomized controlled trials found no advantage 
for PPI compared with placebo for total resolution of cough (OR 
0.46, 95 %  CI 0.19 to 1.15), although sensitivity analysis found 
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  4.  Patients with refractory GERD and negative evaluation 
by endoscopy (typical symptoms) or evaluation by ENT, 
pulmonary, and allergy specialists (extraesophageal 
symptoms), should undergo ambulatory refl ux monitoring 
(Strong recommendation, low level of evidence) 

  5.  Refl ux monitoring  off   medication can be performed by any 
available modality (pH or impedance-pH) (Conditional 
recommendation, moderate level of evidence). Testing  on  
medication should be performed with impedance-pH moni-
toring in order to enable measurement of nonacid refl ux. 
(Strong recommendation, moderate level of evidence) 

  6.  Refractory patients with objective evidence of ongoing 
refl ux as the cause of symptoms should be considered for 
additional antirefl ux therapies that may include surgery 
or TLESR inhibitors. (Conditional recommendation, low 
level of evidence). Patients with negative testing are unlikely 
to have GERD and PPI therapy should be disconti nued. 
(Strong recommendation, low level of evidence)       

 SUMMARY OF THE EVIDENCE 
 We are seeing increasing numbers of patients treated empirically 
with PPIs for symptoms that are suspected to be due to GERD who 
do not respond to these medications. Th e term refractory GERD 
encompasses a heterogeneous group of patients that may diff er 
in symptom frequency and severity, PPI dosing regimen (once 
or twice daily), and response to therapy (from partial to absent). 
Although there is no established consensus regarding the defi ni-
tion of refractory GERD in terms of symptom burden, degree of 
therapeutic response, and PPI dose at which failure occurs, we 
should accept that refractory GERD is a patient-driven phenom-
enon ( 145 ). Not surprisingly, refractory GERD has a signifi cant 
impact on QOL. A recent systematic review of nine studies found 
that persistent refl ux symptoms on PPI therapy are associated with 
reduced physical and mental health-related QOL ( 10 ). Th erefore, 
any patient who seeks consultation for bothersome symptoms 
that are attributable to GERD and that persist despite treatment 
with a PPI merits evaluation and management. As not all patients 
who fail to respond to PPIs will have GERD, the most important 
goal of the diagnostic evaluation in these patients is to diff erenti-
ate those with persistent refl ux as the cause of the ongoing symp-
toms, from those with non-GERD etiologies. 

 Th e reported proportion of patients with heartburn who do not 
respond to PPIs varies among studies, likely due to diff ering defi -
nitions of failure, dissimilar patient groups, and diff erent medica-
tion dosing. It has been estimated that failure to control symptoms 
occurs in up to 40 %  of patients treated with a PPI ( 146 ). A recent 
systematic review found persistent, troublesome typical symptoms 
of GERD (heartburn and regurgitation) in 32 %  of patients in ran-
domized primary care trials and 45 %  of patients in observational 
studies ( 147 ). Th e proportion of patients with extraesophageal 
presentations of GERD that do not respond to medication is less 
well documented, but the success rate of treating extraesopha-
geal refl ux symptoms is lower than that for typical symptoms 
( 139 – 141 ). A recent comparison of PPI responders and non-

responders found that PPI failure appears to be signifi cantly more 
common in those with atypical symptoms. Additional factors 
associated with PPI failure were longer duration of disease, poor 
compliance, and obesity ( 63 ). 

 Th e fi rst step in the management of refractory GERD is to 
optimize PPI therapy by confi rming compliance and ensuring 
appropriate dosing. Poor compliance is associated with lack of 
response to PPI ( 63 ). Furthermore, adherence to PPI therapy was 
found in only 60 %  of patients with GERD in a large population-
based VA study ( 148 ). Th e effi  cacy of PPIs (as discussed above) 
is generally maximized when PPIs are taken before a meal ( 149 ). 
Optimal PPI dosing (before meals) was seen in only 46 %  of 
100 patients who were referred for persistent GERD symptoms 
despite treatment ( 66 ). A survey of 491 physicians found that 
nearly 70 %  of primary care physicians and 20 %  of gastroenterol-
ogists in the US advised patients to take the PPI dose at bedtime 
or did not believe that the relationship to meals was important 
( 150 ). Th erefore, any patient with refractory symptoms should 
be instructed regarding optimal dosing of the PPI being used. 
Once compliance and appropriate dosing are ensured, a single 
trial of a diff erent PPI can be considered. Recent evidence from 
a multicenter randomized trial showed this strategy to be helpful 
in some patients ( 67 ). A randomized controlled trial in patients 
with persistent GERD symptoms despite a single daily dose 
of PPI, showed that increasing PPI to twice daily or switching 
to another PPI both resulted in symptomatic improvement in 
roughly 20 %  of patients, without a clear advantage for either 
strategy ( 151 ). 

 Patients with persistent symptoms despite optimization of PPI 
therapy require further work-up ( Figure 1 ). Th ose with typical, 
esophageal symptoms should undergo endoscopy principally to 
exclude non-refl ux esophageal disorders such as EoE, which can 
present with esophageal symptoms refractory to PPI and to look 
for the rare patient with erosive esophagitis, a fi nding that provides 
evidence of ongoing acid refl ux. Although the prevalence of EoE 
in patients with refractory GERD in the US has not been studied, 
a recent Markov model found that obtaining esophageal biopsies 
to diagnose EoE in refractory GERD patients is cost-eff ective only 
when the prevalence of EoE is 8 %  or greater ( 152 ). If endoscopy 
is negative, as is frequently the case, the next step is to perform 
refl ux monitoring to quantify refl ux and assess the relationship 
between refl ux episodes and the patient ’ s symptoms. Refl ux moni-
toring should also be considered in patients with extraesophageal 
symptoms that persist despite PPI optimization and in whom non-
GERD etiologies have been ruled out through pulmonary, ENT, 
and allergy evaluation. 

 Refl ux monitoring enables further characterization of the 
refractory patient, as the study may reveal: (a) PPI failure with 
ongoing acid refl ux, which will require escalation of therapy to 
control acid refl ux (b) adequate acid control but ongoing sympto-
matic non-acid refl ux, which may respond to specifi c therapy or 
(c) no refl ux. Among refractory GERD patients with a negative 
refl ux monitoring study, those with heartburn may be classifi ed 
as having  “ functional heartburn ”  while those with extraesopha-
geal symptoms (asthma, cough, laryngitis) will need additional 
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acid exposure in 96 %  of patients with refractory GERD that were 
tested on twice daily PPI ( 154 ). Although rare, an abnormal pH test 
in a patient taking a PPI (i.e. ongoing acid refl ux despite treatment) 
is evidence of therapeutic failure or noncompliance. A negative pH 
test in treated patients makes ongoing acid refl ux as the cause of 
their symptoms very unlikely, but it cannot account for the possi-
bility of nonacid refl ux, which can be measured using impedance-
pH monitoring. A study that used the SI to evaluate 144 patients 
refractory to twice daily PPI therapy found that ongoing symp-
toms were related to non-acid refl ux in 37 %  and acid refl ux in 11 %  
( 155 ). In the remaining 52 %  of patients, there was no association 
between refl ux (either acid or non-acid) and symptoms. A positive 
SI was more common in patients with typical symptoms (heart-
burn, regurgitation, and chest pain) compared with those with an 
atypical presentation (55 %  vs. 25 % ). A diff erent study using the 
SAP in patients who were symptomatic despite PPI therapy found 
an association between refl ux and symptoms in 37 %  of 60 patients; 
the SAP was positive due to nonacid refl ux in 17 % , acid refl ux in 
5 % , and acid plus nonacid refl ux in 15 %  ( 156 ). As demonstrated by 
these studies, impedance-pH testing covers all possible scenarios 
for persistent symptoms in a treated patient: ongoing acid refl ux, 
ongoing non-acid refl ux, or no refl ux. Furthermore, a systematic 
review that quantifi ed acid and nonacid (both weakly acidic and 
weakly alkaline) refl ux in studies of GERD patients taking a PPI, 
found that weakly acidic refl ux underlies the majority of refl ux 
episodes in these patients and is the main cause of persistent 
symptoms despite PPI therapy ( 157 ). Finally, a negative imped-

or repeat work-up for non-GERD (pulmonary, allergic, ENT) 
etiologies. 

 Two key issues to consider are whether refl ux monitoring 
should be performed aft er stopping PPI therapy or while  on  med-
ication, and what technique to use (catheter-based pH, wireless 
pH, or impedance-pH). At the present time there are limited data 
and no clear consensus regarding the optimal testing methodo-
logy for refractory GERD. Th e approach to testing may be chosen 
based on the patient ’ s clinical presentation and pretest likelihood 
of GERD, as well as on the available technology and expertise. 
Refl ux monitoring both off  as well as on PPI off ers important and 
clinically useful information as outlined below. 

  Refl ux monitoring off  PPI  (7 days aft er cessation of PPI) can be 
performed with any of the available techniques (catheter or wire-
less pH, or impedance-pH). If refl ux monitoring  off   medication is 
negative (normal distal esophageal acid exposure and a negative 
symptom-refl ux association), GERD is very unlikely. In a patient 
with a negative test  off   therapy, PPIs can be stopped and the diag-
nostic eff ort should be steered toward non-GERD etiologies. On 
the other hand, a positive test aft er PPI cessation off ers objective 
evidence of GERD but it does not provide insight regarding the 
reason for the failure to respond to treatment. 

  Refl ux monitoring on PPI  should be performed with impedance-
pH monitoring to enable measurement of nonacid refl ux .  Th e yield 
of pH monitoring without impedance in a patient taking a PPI is 
very low because in acid-suppressed patients refl ux becomes pre-
dominantly nonacid ( 153 ). In fact, pH monitoring revealed normal 

REFRACTORY GERD

Optimize PPI therapy

Exclude other etiologies

Atypical symptomsTypical symptoms

Upper Endoscopy Referral to ENT, pulmonary, allergy

Specific treatment Specific treatment

Normal

REFLUX MONITORING

Low pre test
probability of GERD

Test off medication with pH or
impedance-pH

Test on medication with
impedance-pH

High pre test
probability of GERD

Abnormal (eosinophilic
esophagitis, erosive
esophagitis, other)

Abnormal (ENT,
pulmonary, or allergic

disorder)

No response

  Figure 1 .         Algorithm for the evaluation of refractory gastroesophageal refl ux disease (GERD). ENT, ear, nose, and throat; PPI, proton pump inhibitor.   
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incisionless fundoplication, or other endoscopic therapy in 
refractory GERD.  

 WHAT ARE THE COMPLICATIONS ASSOCIATED WITH 
GERD? 
   Recommendations    
  1.  Th e Los Angeles (LA) classifi cation system should be used 

when describing the endoscopic appearance of erosive 
esophagitis (Strong recommendation, moderate level of 
evidence). Patients with LA Grade A esophagitis should 
undergo further testing to confi rm the presence of GERD. 
(Conditional recommendation, low level of evidence) 

  2.  Repeat endoscopy should be performed in patients with 
severe ERD aft er a course of antisecretory therapy to exclude 
underlying Barrett ’ s esophagus. (Conditional recommenda-
tion, low level of evidence) 

  3.  Continuous PPI therapy is recommended following peptic 
stricture dilation to improve dysphagia and reduce the need 
for repeated dilations. (Strong recommendation, moderate 
level of evidence) 

  4.  Injection of intralesional corticosteroids can be used in 
refractory, complex strictures due to GERD. (Conditional 
recommendation, low level of evidence) 

  5.  Treatment with a PPI is suggested following dilation in 
patients with lower esophageal ring (Schatzki) rings. 
(Conditional recommendation, low level of evidence). 

  6.  Screening for Barrett ’ s esophagus should be considered in 
patients with GERD who are at high risk based on epidemio-
logic profi le. (Conditional recommendation, moderate level 
of evidence) 

  7.  Symptoms in patients with Barrett ’ s esophagus can be treated in a 
similar fashion to patients with GERD who do not have Barrett ’ s 
esophagus. (Strong recommendation, moderate level of evidence) 

  8.  Patients with Barrett ’ s esophagus found at endoscopy should 
undergo periodic surveillance according to guidelines. 
(Strong recommendation, moderate level of evidence)       

 SUMMARY OF THE EVIDENCE 
 Numerous  “ complications ”  have been associated with GERD 
including erosive esophagitis, stricture, and Barrett ’ s esophagus. 
Obesity has been demonstrated to be a risk factor for symptoms, 
ERD, BE, and adenocarcinoma ( 17 ). It may be that the presence 
of an abnormal waist-to-hip ratio is the greatest risk factor for the 
presence of BE ( 163 ). Although many classifi cation systems for 
erosive esophagitis have been used in the literature, a classifi cation 
system, introduced in 1994, appears to be most logical to use in 
practice. Using an A,B,C,D system to describe esophageal erosions, 
this system has been used in the largest and most modern trials. 
In contrast to other systems ( 164 ), the LA classifi cation system has 
been tested and shown to have good inter and intraobserver vari-
ability ( 27 ). Th is system off ers a commonality of language among 
endoscopists for grading this complication of GERD and is recom-
mended as the system of choice for reporting. Erosive esophagitis 

ance-pH test on medication strongly supports that the patient ’ s 
complaints are not due to refl ux of any type. Needless to say, the 
full context of the patient (including clinical presentation, presence 
of hiatus hernia, endoscopy fi ndings, and / or degree of response to 
therapy) always needs to be considered. 

 Studies comparing the yield of  “  off   vs.  on  ”  therapy refl ux 
monitoring in refractory GERD patients are limited. Hemmink 
 et al.  ( 158 ) concluded that testing should be performed off  PPI. 
In contrast, Pritchett  et al.  ( 159 ) found that refl ux monitor-
ing on PPI may be the preferred strategy. At present no single 
approach can be recommended due to the heterogeneous group 
of patients. A recent technical review on this topic suggested that, 
in the absence of high-quality studies to guide this decision, the 
method of testing may be chosen based upon the patient ’ s clini-
cal presentation ( 127 ). In patients with a low likelihood of GERD 
(for instance, atypical presentations without concomitant typical 
GERD symptoms) pH monitoring  off   medication may be pre-
ferred as it will enable ruling out GERD. Patients with a higher 
likelihood of GERD (typical symptoms, at least partial response 
to PPI) can be tested with impedance-pH testing on medication 
in search of ongoing refl ux (either acid or non-acid) despite PPI. 
Clearly, more studies are needed to bring clarity to this issue. 

 Finally, it is important to stress the importance of stopping PPI 
therapy in patients with refractory symptoms in whom all test-
ing is negative. In a recent study, aft er a negative evaluation for 
refractory GERD that included normal endoscopy and imped-
ance-pH monitoring, 42 %  of 90 patients reported continued use 
of PPI despite negative results ( 160 ). Th is study underscores the 
importance of educating the patient about the need to stop PPIs 
once GERD has been ruled out. 

 Th ere are few studies in which refractory GERD patients 
with documented ongoing refl ux have been treated with either 
medication or surgery. Patients with abnormal frequency of 
non-acid refl ux can be considered for treatment with the GABA 
B agonist, baclofen as this drug has been shown to decrease 
refl ux episodes and symptoms due to all types of refl ux ( 81,82 ). 
Unfortunately, high-quality controlled trials evaluating the role 
of baclofen in refractory symptoms are not available. Small 
uncontrolled studies have demonstrated a benefi t for baclofen 
when used for refractory duodeno-gastro-esophageal refl ux in 
patients with persistent symptoms on PPI therapy ( 81 ). A small 
observational study with limited follow-up suggested a positive 
symptom response to surgery in this group, but improvement 
in refl ux control was not objectively documented ( 161 ). A more 
recent prospective, uncontrolled study found that 3 months aft er 
fundoplication, both the number of refl ux episodes and typical 
symptoms of GERD (heartburn and regurgitation) improved in 
patients who were PPI-nonresponders ( 162 ). However, it must 
be pointed out that these patients are carefully selected and were 
not in a controlled trial. High-quality, controlled trials evalu-
ating surgery in patients unresponsive to PPIs are lacking, so 
this approach is not recommended except in highly individual 
circumstances. In this context, performing a refl ux monitoring 
test  off   PPI can confi rm the presence of pathological refl ux before 
surgery. Finally, there is no data to support the use of transoral 
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of symptoms, who are over the age of 50, male, and Caucasian. Th e 
diffi  culty in risk stratifi cation is highlighted by the fact that 25 %  of 
patients with Barrett ’ s are women or under the age of 50 ( 177,178 ). 
Despite the well-identifi ed epidemiologic risk factors there is no 
clear profi le that mandates screening. As such, these guidelines can 
only recommend consideration of screening perhaps concentrating 
on those of higher epidemiologic risk but more importantly with 
an informed discussion with the patient. Although there is debate 
about the value of surveil lance, current guidelines recommend 
that patients with endo scopically confi rmed Barrett ’ s esophagus be 
enrolled in a surveillance program ( 179 ).           
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is seen in a minority of patients with symptomatic GERD, with 
the majority of the patients having LA grade A or B esophagitis 
present. LA grades C and D have been described as  “ severe ”  and 
have the lowest healing rate with PPIs ( 54,165 ). Severe erosive 
esophagitis (grades C and D) is more common in the elderly and 
in general would relapse if maintenance therapy is not instituted. 
Th ere are limited data to suggest that a columnar lined esopha-
gus (Barrett ’ s esophagus) can be obscured by any grade of ero-
sive esophagitis, most commonly it is obscured by grades C and 
D ( 166,167 ). On the basis of these data, a repeat endoscopy aft er 
a minimum 8-week course of PPI therapy is recommended in 
patients with grades C and D esophagitis and can be considered 
in lower grades. In patients not found to have BE on repeat endos-
copy and in patients with a normal initial endoscopic examination, 
the utility of repeated examinations to screen for the development 
of BE has not been demonstrated ( 168 ). Other than the above clin-
ical scenarios, repeating an endoscopy in GERD patients who do 
not demonstrate new symptoms is not recommended. 

 Peptic strictures are infrequent in practice, likely related to the 
widespread use of antisecretory therapy. Strictures tend to occur 
most oft en in Caucasians, older patients with a longer duration of 
untreated symptoms, and in the setting of abnormal esophageal 
motility ( 169,170 ). With rare exceptions (e.g. the presence of an 
inlet patch), true peptic strictures occur at the squamocolumnar 
junction. A stricture elsewhere should raise suspicion for another 
etiology. PPIs are clearly superior to H 2 -receptor antagonists and 
when used in a maintenance fashion improve dysphagia, decrease 
the need for repetitive dilations and / or prolong the interval 
between dilations ( 171,172 ). 

 Intralesional corticosteroids (40   mg of triamcinolone injected 
in four 1   ml aliquots) in a four quadrant pattern can be consid-
ered in peptic strictures refractory to dilation. Th e limited rand-
omized controlled trials support the effi  cacy of steroid injection 
in conjunction with antisecretory therapy and dilation in tough 
strictures ( 173,174 ). Th e availability of so-called removable stents 
has generated enthusiasm in patients with benign esophageal stric-
tures. Th ese should be rarely necessary and are associated with 
stent migration and complications that preclude routine use in a 
benign peptic stricture. Th ere appears to be no role for endoscopic 
incision in a typical benign peptic stricture. 

 Lower esophageal rings (Schatzki) are felt by many to be linked 
with GERD, raising the question of whether antisecretory therapy 
should be part of the treatment approach. Dilation remains the 
mainstay of treatment; however, one trial found that no patient 
with documented GERD (endoscopy or pH) had a recurrent 
Schatzki ring on PPI therapy post dilation. Th e same group ran-
domized 30 patients without proven GERD to PPI or placebo and 
found a statistical decrease in recurrence of rings (mean follow up 
43 months) in PPI-treated patients ( 175 ). Th is prompts many to 
recommend PPIs in patients with Schatzki ring, particularly if they 
recur. 

 Barrett ’ s esophagus is the only complication of GERD with 
malignant potential. Barrett ’ s can be found in 5 to 15 %  of patients 
who have endoscopy for symptoms of GERD ( 176 ) and tends to be 
seen at the higher end of this range in patients with long duration 



© 2013 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

325 Guidelines for the Diagnosis and Management of GERD 

   20   .      Moayyedi     P   ,    Talley     NJ   ,    Fennerty     MB       et al.       Can the clinical history distin-
guish between organic and functional dyspepsia?     JAMA     2006  ;  295  :  1566   –    76  .  

   21   .      Numans     ME   ,    Lau     J   ,    de Wit     NJ       et al.       Short-term treatment with proton-
pump inhibitors as a test for gastroesophageal refl ux disease: a meta-analy-
sis of diagnostic test characteristics  .   Ann Intern Med     2004  ;  140  :  518   –    27  .  

   22   .      Cremonini     F   ,    Wise     J   ,    Moayyedi     P       et al.       Diagnostic and therapeutic use 
of proton pump inhibitors in non-cardiac chest pain: a metaanalysis  . 
  Am J Gastroenterol     2005  ;  100  :  1226   –    32  .  

   23   .      Kahrilas     PJ   ,    Hughes     N   ,    Howden     CW    .   Response of unexplained chest pain 
to proton pump inhibitor treatment in patients with and without objective 
evidence of gastro-oesophageal refl ux disease  .   Gut     2011  ;  60  :  1473   –    8  .  

    24   .      Hirano     I   ,    Richter     JE    .   ACG practice guidelines: esophageal refl ux testing  . 
  Am J Gastroenterol     2007  ;  102  :  668   –    85  .  

   25   .      Johnston     BT   ,    Troshinsky     MB   ,    Castell     JA       et al.       Comparison of barium radi-
ology with esophageal pH monitoring in the diagnosis of gastroesophageal 
refl ux disease  .   Am J Gastroenterol     1996  ;  91  :  1181   –    5  .  

   26   .      Richter     JE   ,    Castell     DO    .   Gastroesophageal refl ux. Pathogenesis, diagnosis, 
and therapy  .   Ann Intern Med     1982  ;  97  :  93   –   103  .  

    27   .      Lundell     LR   ,    Dent     J   ,    Bennett     JR       et al.       Endoscopic assessment of oesophagi-
tis: clinical and functional correlates and further validation of the Los 
Angeles classifi cation  .   Gut     1999  ;  45  :  172   –    80  .  

   28   .      Johnsson     F   ,    Joelsson     B   ,    Gudmundsson     K       et al.       Symptoms and endoscopic 
fi ndings in the diagnosis of gastroesophageal refl ux disease  .   Scand J 
Gastroenterol     1987  ;  22  :  714   –    8  .  

   29   .      Gerson     LB   ,    Boparai     V   ,    Ullah     N       et al.       Oesophageal and gastric pH profi les 
in patients with gastro-oesophageal refl ux disease and Barrett’s oesopha-
gus treated with proton pump inhibitors  .   Aliment Pharmacol Th er   
  2004  ;  20  :  637   –    43  .  

   30   .      Frazzoni     M   ,    Savarino     E   ,    Manno     M       et al.       Refl ux patterns in patients with 
short-segment Barrett’s oesophagus: a study using impedance-pH monitor-
ing off  and on proton pump inhibitor therapy  .   Aliment Pharmacol Th er   
  2009  ;  30  :  508   –    15  .  

   31   .      Appelmelk     BJ   ,    Simoons-Smit     I   ,    Negrini     R       et al.       Potential role of molecular 
mimicry between  Helicobacter pylori  lipopolysaccharide and host Lewis 
blood group antigens in autoimmunity  .   Infect Immun     1996  ;  64  :  2031   –    40  .  

   32   .      Knuff      TE   ,    Benjamin     SB   ,    Worsham     GF       et al.       Histologic evaluation of chronic 
gastroesophageal refl ux. An evaluation of biopsy methods and diagnostic 
criteria  .   Dig Dis Sci     1984  ;  29  :  194   –   201  .  

  33   .      Schindlbeck     NE   ,    Wiebecke     B   ,    Klauser     AG       et al.       Diagnostic value of 
histology in non-erosive gastro-oesophageal refl ux disease  .   Gut     1996  ;  39  :
  151   –    4  .  

   34   .      Takubo     K   ,    Honma     N   ,    Aryal     G       et al.       Is there a set of histologic changes that 
are invariably refl ux associated?     Arch Pathol Lab Med     2005  ;  129  :  159   –    63  .  

    35   .      Sifrim     D   ,    Castell     D   ,    Dent     J       et al.       Gastro-oesophageal refl ux monitoring: 
review and consensus report on detection and defi nitions of acid, non-acid, 
and gas refl ux  .   Gut     2004  ;  53  :  1024   –    31  .  

   36   .      Connor     J   ,    Richter     J    .   Increasing yield also increases false positives and best 
serves to exclude GERD  .   Am J Gastroenterol     2006  ;  101  :  460   –    3  .  

   37   .      Yaghoobi     M   ,    Farrokhyar     F   ,    Yuan     Y       et al.       Is there an increased risk of GERD 
aft er  Helicobacter pylori  eradication?: a meta-analysis  .   Am J Gastroenterol   
  2010  ;  105  :  1007   –    13  .  

   38   .      Kuipers     EJ   ,    Lundell     L   ,    Klinkenberg-Knol     EC       et al.       Atrophic gastritis and 
 Helicobacter pylori  infection in patients with refl ux esophagitis treated with 
omeprazole or fundoplication  .   N Engl J Med     1996  ;  334  :  1018   –    22  .  

   39   .      Malfertheiner     P   ,    Megraud     F   ,    O ’ Morain     C       et al.       Current concepts in the 
management of  Helicobacter pylori  infection: the Maastricht III Consensus 
Report  .   Gut     2007  ;  56  :  772   –    81  .  

   40   .      Olans     LB   ,    Wolf     JL    .   Gastroesophageal refl ux in pregnancy  .   Gastrointest 
Endosc Clin N Am     1994  ;  4  :  699   –   712  .  

   41   .      Marrero     JM   ,    Goggin     PM   ,    de Caestecker     JS       et al.       Determinants of pregnancy 
heartburn  .   Br J Obstet Gynaecol     1992  ;  99  :  731   –    4  .  

   42   .      Richter     JE    .   Review article: the management of heartburn in pregnancy  . 
  Aliment Pharmacol Th er     2005  ;  22  :  749   –    57  .  

   43   .      Rey     E   ,    Rodriguez-Artalejo     F   ,    Herraiz     MA       et al.       Gastroesophageal refl ux 
symptoms during and aft er pregnancy: a longitudinal study  .   Am J Gastro-
enterol     2007  ;  102  :  2395   –    400  .  

   44   .      Kaltenbach     T   ,    Crockett     S   ,    Gerson     LB    .   Are lifestyle measures eff ective in 
patients with gastroesophageal refl ux disease? An evidence-based approach  . 
  Arch Intern Med     2006  ;  166  :  965   –    71  .  

   45   .      Johnson     T   ,    Gerson     L   ,    Hershcovici     T       et al.       Systematic review: the eff ects 
of carbonated beverages on gastro-oesophageal refl ux disease      .   Aliment 
Pharmacol Th er     2010  ;  31  :  607   –    14  .  

     46   .      Jacobson     BC   ,    Somers     SC   ,    Fuchs     CS       et al.       Body-mass index and symptoms 
of gastroesophageal refl ux in women  .   N Engl J Med     2006  ;  354  :  2340   –    8  .  

   47   .      Fraser-Moodie     CA   ,    Norton     B   ,    Gornall     C       et al.       Weight loss has an inde-
pendent benefi cial eff ect on symptoms of gastro-oesophageal refl ux in 
patients who are overweight  .   Scand J Gastroenterol     1999  ;  34  :  337   –    40  .  

  48   .      Mathus-Vliegen     LM   ,    Tytgat     GN    .   Twenty-four-hour pH measurements 
in morbid obesity: eff ects of massive overweight, weight loss and gastric 
distension  .   Eur J Gastroenterol Hepatol     1996  ;  8  :  635   –    40  .  

   49   .      Gagne     DJ   ,    Dovec     E   ,    Urbandt     JE    .   Laparoscopic revision of vertical banded 
gastroplasty to Roux-en-Y gastric bypass: outcomes of 105 patients  .   Surg 
Obes Relat Dis     2011  ;  7  :  493   –    9  .  

    50   .      Stanciu     C   ,    Bennett     JR    .   Eff ects of posture on gastro-oesophageal refl ux  . 
  Digestion     1977  ;  15  :  104   –    9  .  

  51   .      Hamilton     JW   ,    Boisen     RJ   ,    Yamamoto     DT       et al.       Sleeping on a wedge diminishes 
exposure of the esophagus to refl uxed acid  .   Dig Dis Sci     1988  ;  33  :  518   –    22  .  

  52   .      Pollmann     H   ,    Zillessen     E   ,    Pohl     J       et al.       Eff ect of elevated head position in bed in 
therapy of gastroesophageal refl ux  .   Z Gastroenterol     1996  ;  34     (Suppl 2)  :   93   –    9  .  

  53   .      Cremonini     F   ,    Ziogas     DC   ,    Chang     HY       et al.       Meta-analysis: the eff ects of 
placebo treatment on gastro-oesophageal refl ux disease  .   Aliment Pharmacol 
Th er     2010  ;  32  :  29   –   42  .  

    54   .      Labenz     J   ,    Malfertheiner     P    .   Treatment of uncomplicated refl ux disease  . 
  World J Gastroenterol     2005  ;  11  :  4291   –    9  .  

   55   .      Chiba     N   ,    De Gara     CJ   ,    Wilkinson     JM       et al.       Speed of healing and symptom 
relief in grade II to IV gastroesophageal refl ux disease: a meta-analysis  . 
  Gastroenterology     1997  ;  112  :  1798   –    810  .  

   56   .      Robinson     M   ,    Sahba     B   ,    Avner     D       et al.       A comparison of lansoprazole 
and ranitidine in the treatment of erosive oesophagitis. Multicentre 
Investigational Group  .   Aliment Pharmacol Th er     1995  ;  9  :  25   –   31  .  

  57   .      Vantrappen     G   ,    Rutgeerts     L   ,    Schurmans     P       et al.       Omeprazole (40 mg) is 
superior to ranitidine in short-term treatment of ulcerative refl ux 
esophagitis  .   Dig Dis Sci     1988  ;  33  :  523   –    9  .  

   58   .      van Pinxteren     B   ,    Sigterman     KE   ,    Bonis     P      et al.      Short-term treatment with 
proton pump inhibitors, H2-receptor antagonists and prokinetics for 
gastro-oesophageal refl ux disease-like symptoms and endoscopy negative 
refl ux disease  .   Cochrane Database Syst Rev  :   CD002095  .  

     59   .      Gralnek     IM   ,    Dulai     GS   ,    Fennerty     MB       et al.       Esomeprazole versus other 
proton pump inhibitors in erosive esophagitis: a meta-analysis of 
randomized clinical trials  .   Clin Gastroenterol Hepatol     2006  ;  4  :  1452   –    8  .  

   60   .      Gerson     LB   ,    Mitra     S   ,    Bleker     WF       et al.       Control of intra-oesophageal pH in 
patients with Barrett’s oesophagus on omeprazole-sodium bicarbonate 
therapy      .   Aliment Pharmacol Th er     2012  ;  35  :  803   –    9  .  

   61   .      Metz     DC   ,    Vakily     M   ,    Dixit     T       et al.       Review article: dual delayed release 
formulation of dexlansoprazole MR, a novel approach to overcome the 
limitations of conventional single release proton pump inhibitor therapy  . 
  Aliment Pharmacol Th er     2009  ;  29  :  928   –    37  .  

   62   .      Sharma     P   ,    Shaheen     NJ   ,    Perez     MC       et al.       Clinical trials: healing of erosive 
oesophagitis with dexlansoprazole MR, a proton pump inhibitor with 
a novel dual delayed-release formulation – results from two randomized 
controlled studies  .   Aliment Pharmacol Th er     2009  ;  29  :  731   –    41  .  

     63   .      Dickman     R   ,    Boaz     M   ,    Aizic     S       et al.       Comparison of clinical characteristics 
of patients with gastroesophageal refl ux disease who failed proton pump 
inhibitor therapy versus those who fully responded  .   J Neurogastroenterol 
Motil     2011  ;  17  :  387   –    94  .  

   64   .      Hatlebakk     JG   ,    Berstad     A    .   Pharmacokinetic optimisation in the treatment 
of gastro-oesophageal refl ux disease  .   Clin Pharmacokinet     1996  ;  31  :  386   –   406  .  

   65   .      Lee     RD   ,    Mulford     D   ,    Wu     J       et al.       Th e eff ect of time-of-day dosing on the 
pharmacokinetics and pharmacodynamics of dexlansoprazole MR: 
evidence for dosing fl exibility with a Dual Delayed Release proton pump 
inhibitor      .   Aliment Pharmacol Th er     2010  ;  31  :  1001   –    11  .  

    66   .      Gunaratnam     NT   ,    Jessup     TP   ,    Inadomi     J       et al.       Sub-optimal proton pump 
inhibitor dosing is prevalent in patients with poorly controlled gastro-
oesophageal refl ux disease  .   Aliment Pharmacol Th er     2006  ;  23  :  1473   –    7  .  

    67   .      Fass     R   ,    Sontag     SJ   ,    Traxler     B       et al.       Treatment of patients with persistent 
heartburn symptoms: a double-blind, randomized trial  .   Clin Gastroenterol 
Hepatol     2006  ;  4  :  50   –    6  .  

   68   .      Schindlbeck     NE   ,    Klauser     AG   ,    Berghammer     G       et al.       Th ree year follow up of 
patients with gastrooesophageal refl ux disease  .   Gut     1992  ;  33  :  1016   –    9  .  

   69   .      Vigneri     S   ,    Termini     R   ,    Leandro     G       et al.       A comparison of fi ve maintenance 
therapies for refl ux esophagitis  .   N Engl J Med     1995  ;  333  :  1106   –    10  .  

   70   .      El-Serag     HB   ,    Aguirre     TV   ,    Davis     S       et al.       Proton pump inhibitors are 
associated with reduced incidence of dysplasia in Barrett’s esophagus  . 
  Am J Gastroenterol     2004  ;  99  :  1877   –    83  .  

   71   .      Lind     T   ,    Havelund     T   ,    Lundell     L       et al.       On demand therapy with omepra-
zole for the long-term management of patients with heartburn without 
oesophagitis – a placebo-controlled randomized trial  .   Aliment Pharmacol 
Th er     1999  ;  13  :  907   –    14  .  



The American Journal of GASTROENTEROLOGY VOLUME 108 | MARCH 2013   www.amjgastro.com

326  Katz  et al.  

   72   .      Pace     F   ,    Tonini     M   ,    Pallotta     S       et al.       Systematic review: maintenance 
treatment of gastro-oesophageal refl ux disease with proton pump 
inhibitors taken  ‘ on-demand ’   .   Aliment Pharmacol Th er     2007  ;  26  :  195   –   204  .  

   73   .      Inadomi     JM   ,    Jamal     R   ,    Murata     GH       et al.       Step-down management of 
gastroesophageal refl ux disease  .   Gastroenterology     2001  ;  121  :  1095   –    100  .  

   74   .      Fackler     WK   ,    Ours     TM   ,    Vaezi     MF       et al.       Long-term eff ect of H2RA therapy 
on nocturnal gastric acid breakthrough  .   Gastroenterology     2002  ;  122  :
  625   –    32  .  

   75   .      Champion     MC    .   Prokinetic therapy in gastroesophageal refl ux disease  . 
  Can J Gastroenterol     1997  ;  11     (Suppl B)  :   55B   –   65B  .  

    76   .      Richter     JE   ,    Sabesin     SM   ,    Kogut     DG       et al.       Omeprazole versus ranitidine or 
ranitidine/metoclopramide in poorly responsive symptomatic gastro-
esophageal refl ux disease  .   Am J Gastroenterol     1996  ;  91  :  1766   –    72  .  

   77   .      Rao     AS   ,    Camilleri     M    .   Review article: metoclopramide and tardive 
dyskinesia  .   Aliment Pharmacol Th er     2010  ;  31  :  11   –    9  .  

   78   .      Maddern     GJ   ,    Kiroff      GK   ,    Leppard     PI       et al.       Domperidone, metoclopramide, 
and placebo. All give symptomatic improvement in gastroesophageal 
refl ux  .   J Clin Gastroenterol     1986  ;  8  :  135   –    40  .  

   79   .      van Noord     C   ,    Dieleman     JP   ,    van Herpen     G       et al.       Domperidone and 
ventricular arrhythmia or sudden cardiac death: a population-based 
case-control study in the Netherlands  .   Drug Saf     2010  ;  33  :  1003   –    14  .  

   80   .      Grossi     L   ,    Spezzaferro     M   ,    Sacco     LF       et al.       Eff ect of baclofen on oesophageal 
motility and transient lower oesophageal sphincter relaxations in GORD 
patients: a 48-h manometric study  .   Neurogastroenterol Motil     2008  ;  20  :
  760   –    6  .  

    81   .      Koek     GH   ,    Sifrim     D   ,    Lerut     T       et al.       Eff ect of the GABA(B) agonist baclofen 
in patients with symptoms and duodeno-gastro-oesophageal refl ux 
refractory to proton pump inhibitors  .   Gut     2003  ;  52  :  1397   –    402  .  

     82   .      Vela     MF   ,    Tutuian     R   ,    Katz     PO       et al.       Baclofen decreases acid and non-
acid post-prandial gastro-oesophageal refl ux measured by combined 
multichannel intraluminal impedance and pH  .   Aliment Pharmacol Th er   
  2003  ;  17  :  243   –    51  .  

   83   .      Orr     WC   ,    Goodrich     S   ,    Wright     S       et al.       Th e eff ect of baclofen on nocturnal 
gastroesophageal refl ux and measures of sleep quality: a randomized, 
cross-over trial      .   Neurogastroenterol Motil     2012  ;  24  :  553   –    9  .  

   84   .      Cange     L   ,    Johnsson     E   ,    Rydholm     H       et al.       Baclofen-mediated gastro-
oesophageal acid refl ux control in patients with established refl ux disease  . 
  Aliment Pharmacol Th er     2002  ;  16  :  869   –    73  .  

    85   .      del Genio     G   ,    Tolone     S   ,    del Genio     F       et al.       Prospective assessment of patient 
selection for antirefl ux surgery by combined multichannel intraluminal 
impedance pH monitoring  .   J Gastrointest Surg     2008  ;  12  :  1491   –    6  .  

    86   .      Oelschlager     BK   ,    Quiroga     E   ,    Parra     JD       et al.       Long-term outcomes aft er 
laparoscopic antirefl ux surgery  .   Am J Gastroenterol     2008  ;  103  :  280   –    7  .  

   87   .      Spechler     SJ   ,    Lee     E   ,    Ahnen     D       et al.       Long-term outcome of medical and 
surgical therapies for gastroesophageal refl ux disease: follow-up of 
a randomized controlled trial  .   JAMA     2001  ;  285  :  2331   –    8  .  

   88   .      Lundell     L   ,    Miettinen     P   ,    Myrvold     HE       et al.       Comparison of outcomes twelve 
years aft er antirefl ux surgery or omeprazole maintenance therapy for 
refl ux esophagitis  .   Clin Gastroenterol Hepatol     2009  ;  7  :  1292   –    8  .  

   89   .      Ramos     RF   ,    Lustosa     SA   ,    Almeida     CA       et al.       Surgical treatment of gastro-
esophageal refl ux disease: total or partial fundoplication? systematic 
review and meta-analysis  .   Arq Gastroenterol     2011  ;  48  :  252   –    60  .  

   90   .      Wileman     SM   ,    McCann     S   ,    Grant     AM       et al.       Medical versus surgical 
management for gastro-oesophageal refl ux disease (GORD) in adults  . 
  Cochrane Database Syst Rev     2010  ,   CD003243  .  

   91   .      Spechler     SJ   ,    Gordon     DW   ,    Cohen     J       et al.       Th e eff ects of antirefl ux therapy 
on pulmonary function in patients with severe gastroesophageal refl ux 
disease. Department of Veterans Aff airs Gastroesophageal Refl ux Disease 
Study Group  .   Am J Gastroenterol     1995  ;  90  :  915   –    8  .  

   92   .      Larrain     A   ,    Carrasco     E   ,    Galleguillos     F       et al.       Medical and surgical treatment 
of nonallergic asthma associated with gastroesophageal refl ux  .   Chest   
  1991  ;  99  :  1330   –    5  .  

   93   .      Gibson     PG   ,    Henry     RL   ,    Coughlan     JL    .   Gastro-oesophageal refl ux treatment 
for asthma in adults and children  .   Cochrane Database Syst Rev     2003  , 
  CD001496  .  

   94   .      Swoger     J   ,    Ponsky     J   ,    Hicks     DM       et al.       Surgical fundoplication in laryngopha-
ryngeal refl ux unresponsive to aggressive acid suppression: a controlled 
study  .   Clin Gastroenterol Hepatol     2006  ;  4  :  433   –    41  .  

   95   .      De Groot     NL   ,    Burgerhart     JS   ,    Van De Meeberg     PC       et al.       Systematic review: 
the eff ects of conservative and surgical treatment for obesity on gastro-
oesophageal refl ux disease  .   Aliment Pharmacol Th er     2009  ;  30  :  1091   –    102  .  

   96   .      Urbach     DR   ,    Horvath     KD   ,    Baxter     NN       et al.       A research agenda for 
gastrointestinal and endoscopic surgery  .   Surg Endosc     2007  ;  21  : 
 1518   –    25  .  

   97   .      Testoni     PA   ,    Vailati     C   ,    Testoni     S       et al.       Transoral incisionless fundoplication 
(TIF 2.0) with EsophyX for gastroesophageal refl ux disease: long-term 
results and fi ndings aff ecting outcome  .   Surg Endosc     2012  ;  26  :  1425   –    35  .  

   98   .      Witteman     BP   ,    Strijkers     R   ,    de Vries     E       et al.       Transoral incisionless fundopli-
cation for treatment of gastroesophageal refl ux disease in clinical practice  . 
  Surg Endosc     2012  ;  26  :  3307   –    15  .  

   99   .      Lipham     JC   ,    Demeester     TR   ,    Ganz     RA       et al.       Th e LINX((R)) refl ux manage-
ment system: confi rmed safety and effi  cacy now at 4 years  .   Surg Endosc   
  2012  ;  26  :  2944   –    9  .  

    100   .      Sheen     E   ,    Triadafi lopoulos     G    .   Adverse eff ects of long-term proton pump 
inhibitor therapy  .   Dig Dis Sci     2011  ;  56  :  931   –    50  .  

  101   .      Lodato     F   ,    Azzaroli     F   ,    Turco     L       et al.       Adverse eff ects of proton pump inhibi-
tors  .   Best Pract Res Clin Gastroenterol     2010  ;  24  :  193   –   201  .  

   102   .      Bavishi     C   ,    Dupont     HL    .   Systematic review: the use of proton pump inhibi-
tors and increased susceptibility to enteric infection  .   Aliment Pharmacol 
Th er     2011  ;  34  :  1269   –    81  .  

   103   .      Eom     CS   ,    Jeon     CY   ,    Lim     JW       et al.       Use of acid-suppressive drugs and risk 
of pneumonia: a systematic review and meta-analysis  .   CMAJ     2011  ;  183  :
  310   –    9  .  

   104   .      Johnstone     J   ,    Nerenberg     K   ,    Loeb     M    .   Meta-analysis: proton pump inhibitor 
use and the risk of community-acquired pneumonia  .   Aliment Pharmacol 
Th er     2010  ;  31  :  1165   –    77  .  

   105   .      Giuliano     C   ,    Wilhelm     SM   ,    Kale-Pradhan     PB    .   Are proton pump inhibitors 
associated with the development of community-acquired pneumonia? A 
meta-analysis  .   Expert Rev Clin Pharmacol     2012  ;  5  :  337   –    44  .  

  106   .      Hermos     JA   ,    Young     MM   ,    Fonda     JR       et al.       Risk of community-acquired 
pneumonia in veteran patients to whom proton pump inhibitors were 
dispensed  .   Clin Infect Dis     2012  ;  54  :  33   –   42  .  

   107   .      Targownik     LE   ,    Lix     LM   ,    Leung     S       et al.       Proton-pump inhibitor use is not 
associated with osteoporosis or accelerated bone mineral density loss  . 
  Gastroenterology     2010  ;  138  :  896   –   904  .  

   108   .      Corley     DA   ,    Kubo     A   ,    Zhao     W       et al.       Proton pump inhibitors and histamine-
2 receptor antagonists are associated with hip fractures among at-risk 
patients  .   Gastroenterology     2010  ;  139  :  93   –   101  .  

   109   .      Kwok     CS   ,    Nijjar     RS   ,    Loke     YK    .   Eff ects of proton pump inhibitors on 
adverse gastrointestinal events in patients receiving clopidogrel: systematic 
review and meta-analysis  .   Drug Saf     2011  ;  34  :  47   –   57  .  

  110   .      Ngamruengphong     S   ,    Leontiadis     GI   ,    Radhi     S       et al.       Proton pump inhibitors 
and risk of fracture: a systematic review and meta-analysis of observa-
tional studies  .   Am J Gastroenterol     2011  ;  106  :  1209   –    18  .  

   111   .      Sibbing     D   ,    Morath     T   ,    Stegherr     J       et al.       Impact of proton pump inhibitors 
on the antiplatelet eff ects of clopidogrel  .   Th romb Haemost     2009  ;  101  : 
 714   –    9  .  

  112   .      Furuta     T   ,    Iwaki     T   ,    Umemura     K    .   Infl uences of diff erent proton pump inhib-
itors on the anti-platelet function of clopidogrel in relation to CYP2C19 
genotypes  .   Br J Clin Pharmacol     2010  ;  70  :  383   –    92  .  

   113   .      Ho     PM   ,    Maddox     TM   ,    Wang     L       et al.       Risk of adverse outcomes associated 
with concomitant use of clopidogrel and proton pump inhibitors following 
acute coronary syndrome  .   JAMA     2009  ;  301  :  937   –    44  .  

  114   .      Wu     CY   ,    Chan     FK   ,    Wu     MS       et al.       Histamine2-receptor antagonists are an 
alternative to proton pump inhibitor in patients receiving clopidogrel  . 
  Gastroenterology     2010  ;  139  :  1165   –    71  .  

  115   .      Evanchan     J   ,    Donnally     MR   ,    Binkley     P       et al.       Recurrence of acute myocardial 
infarction in patients discharged on clopidogrel and a proton pump inhi-
bitor aft er stent placement for acute myocardial infarction  .   Clin Cardiol   
  2010  ;  33  :  168   –    71  .  

   116   .      Tentzeris     I   ,    Jarai     R   ,    Farhan     S       et al.       Impact of concomitant treatment with 
proton pump inhibitors and clopidogrel on clinical outcome in patients 
aft er coronary stent implantation  .   Th romb Haemost     2010  ;  104  :  1211   –    8  .  

  117   .      Ray     WA   ,    Murray     KT   ,    Griffi  n     MR       et al.       Outcomes with concurrent use of 
clopidogrel and proton-pump inhibitors: a cohort study  .   Ann Intern Med   
  2010  ;  152  :  337   –    45  .  

   118   .      Bhatt     DL   ,    Cryer     BL   ,    Contant     CF       et al.    .   Clopidogrel with or without ome-
prazole in coronary artery disease  .   N Engl J Med     2010  ;  363  :  1909   –    17  .  

  119   .      O ’ Donoghue     ML   ,    Braunwald     E   ,    Antman     EM       et al.       Pharmacodynamic 
eff ect and clinical effi  cacy of clopidogrel and prasugrel with or without 
a proton-pump inhibitor: an analysis of two randomised trials  .   Lancet   
  2009  ;  374  :  989   –    97  .  

   120   .      Gerson     LB   ,    McMahon     D   ,    Olkin     I       et al.       Lack of signifi cant interactions 
between clopidogrel and proton pump inhibitor therapy: meta-analysis 
of existing literature  .   Dig Dis Sci     2012  ;  57  :  1304   –    13  .  

   121   .      Kwok     CS   ,    Jeevanantham     V   ,    Dawn     B       et al.       No consistent evidence of 
diff erential cardiovascular risk amongst proton-pump inhibitors when 
used with clopidogrel: meta-analysis  .   Int J Cardiol     2013   (in press)  .  



© 2013 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

327 Guidelines for the Diagnosis and Management of GERD 

  122   .      Chen     M   ,    Wei     JF   ,    Xu     YN       et al.       A meta-analysis of impact of proton 
pump inhibitors on antiplatelet eff ect of clopidogrel  .   Cardiovasc Th er   
  2012  ;  30  :  e227   –    33  .  

    123   .      Havemann     BD   ,    Henderson     CA   ,    El-Serag     HB    .   Th e association between 
gastro-oesophageal refl ux disease and asthma: a systematic review  .   Gut   
  2007  ;  56  :  1654   –    64  .  

   124   .      Irwin     RS   ,    Curley     FJ   ,    French     CL    .   Chronic cough. Th e spectrum and 
frequency of causes, key components of the diagnostic evaluation, and 
outcome of specifi c therapy  .   Am Rev Respir Dis     1990  ;  141  :  640   –    7  .  

   125   .      el-Serag     HB   ,    Sonnenberg     A    .   Comorbid occurrence of laryngeal or 
pulmonary disease with esophagitis in United States military veterans  . 
  Gastroenterology     1997  ;  113  :  755   –    60  .  

   126   .      Ronkainen     J   ,    Aro     P   ,    Storskrubb     T       et al.       High prevalence of gastroesopha-
geal refl ux symptoms and esophagitis with or without symptoms in the 
general adult Swedish population: a Kalixanda study report  .   Scand J 
Gastroenterol     2005  ;  40  :  275   –    85  .  

     127   .      Pandolfi no     JE   ,    Vela     MF    .   Esophageal-refl ux monitoring  .   Gastrointest 
Endosc     2009  ;  69  :  917   –    30  .  

   128   .      Smith     J   ,    Woodcock     A   ,    Houghton     L    .   New developments in refl ux-
associated cough  .   Lung     2010  ;  188     (Suppl 1)  :   S81   –    6  .  

   129   .      Abou-Ismail     A   ,    Vaezi     MF    .   Evaluation of patients with suspected 
laryngopharyngeal refl ux: a practical approach  .   Curr Gastroenterol Rep   
  2011  ;  13  :  213   –    8  .  

   130   .      Wiener     GJ   ,    Richter     JE   ,    Copper     JB       et al.       Th e symptom index: a clinically 
important parameter of ambulatory 24-hour esophageal pH monitoring  . 
  Am J Gastroenterol     1988  ;  83  :  358   –    61  .  

   131   .      Weusten     BL   ,    Roelofs     JM   ,    Akkermans     LM       et al.       Th e symptom-associa-
tion probability: an improved method for symptom analysis of 24-hour 
esophageal pH data  .   Gastroenterology     1994  ;  107  :  1741   –    5  .  

   132   .      Francis     DO   ,    Goutte     M   ,    Slaughter     JC       et al.       Traditional refl ux parameters 
and not impedance monitoring predict outcome aft er fundoplication in 
extraesophageal refl ux  .   Laryngoscope     2011  ;  121  :  1902   –    9  .  

   133   .      Smith     JA   ,    Decalmer     S   ,    Kelsall     A       et al.       Acoustic cough-refl ux associations 
in chronic cough: potential triggers and mechanisms  .   Gastroenterology   
  2010  ;  139  :  754   –    62  .  

   134   .      Vaezi     MF   ,    Hicks     DM   ,    Abelson     TI       et al.       Laryngeal signs and symptoms 
and gastroesophageal refl ux disease (GERD): a critical assessment of 
cause and eff ect association  .   Clin Gastroenterol Hepatol     2003  ;  1  :  333   –    44  .  

   135   .      Milstein     CF   ,    Charbel     S   ,    Hicks     DM       et al.       Prevalence of laryngeal irrita-
tion signs associated with refl ux in asymptomatic volunteers: impact of 
endoscopic technique (rigid vs. fl exible laryngoscope)  .   Laryngoscope   
  2005  ;  115  :  2256   –    61  .  

   136   .      Branski     RC   ,    Bhattacharyya     N   ,    Shapiro     J    .   Th e reliability of the assessment 
of endoscopic laryngeal fi ndings associated with laryngopharyngeal refl ux 
disease  .   Laryngoscope     2002  ;  112  :  1019   –    24  .  

   137   .      Kiljander     TO   ,    Junghard     O   ,    Beckman     O       et al.       Eff ect of esomeprazole 40 mg 
once or twice daily on asthma: a randomized, placebo-controlled study  . 
  Am J Respir Crit Care Med     2010  ;  181  :  1042   –    8  .  

  138   .      Harding     SM   ,    Sontag     SJ    .   Asthma and gastroesophageal refl ux  .   Am J 
Gastroenterol     2000  ;  95  :  S23   –    32  .  

    139   .      Chan     WW   ,    Chiou     E   ,    Obstein     KL       et al.       Th e effi  cacy of proton pump inhibi-
tors for the treatment of asthma in adults: a meta-analysis  .   Arch Intern 
Med     2011  ;  171  :  620   –    9  .  

   140   .      Chang     AB   ,    Lasserson     TJ   ,    Gaff ney     J       et al.       Gastro-oesophageal refl ux treat-
ment for prolonged non-specifi c cough in children and adults  .   Cochrane 
Database Syst Rev     2011  ,   CD004823  .  

   141   .      Qadeer     MA   ,    Phillips     CO   ,    Lopez     AR       et al.       Proton pump inhibitor therapy 
for suspected GERD-related chronic laryngitis: a meta-analysis of rand-
omized controlled trials  .   Am J Gastroenterol     2006  ;  101  :  2646   –    54  .  

   142   .      Ip     S   ,    Chung     M   ,    Moorthy     D      et al.      Comparative Eff ectiveness of Manage-
ment Strategies for Gastroesophageal Refl ux Disease: Update Agency for 
Healthcare Research and Quality      .   Rockville, MD  ,   2011  .  

   143   .      Kamel     PL   ,    Hanson     D   ,    Kahrilas     PJ    .   Omeprazole for the treatment of 
posterior laryngitis  .   Am J Med     1994  ;  96  :  321   –    6  .  

  144   .      Harding     SM   ,    Richter     JE   ,    Guzzo     MR       et al.       Asthma and gastroesophageal 
refl ux: acid suppressive therapy improves asthma outcome  .   Am J Med   
  1996  ;  100  :  395   –   405  .  

   145   .      Fass     R   ,    Gasiorowska     A    .   Refractory GERD: what is it?     Curr Gastroenterol 
Rep     2008  ;  10  :  252   –    7  .  

   146   .      Fass     R   ,    Sifrim     D    .   Management of heartburn not responding to proton 
pump inhibitors  .   Gut     2009  ;  58  :  295   –   309  .  

   147   .      El-Serag     H   ,    Becher     A   ,    Jones     R    .   Systematic review: persistent refl ux symp-
toms on proton pump inhibitor therapy in primary care and community 
studies  .   Aliment Pharmacol Th er     2010  ;  32  :  720   –    37  .  

   148   .      El-Serag     HB   ,    Fitzgerald     S   ,    Richardson     P    .   Th e extent and determinants of 
prescribing and adherence with acid-reducing medications: a national 
claims database study  .   Am J Gastroenterol     2009  ;  104  :  2161   –    7  .  

   149   .      Hatlebakk     JG   ,    Katz     PO   ,    Castell     DO    .   Medical therapy. Management of the 
refractory patient  .   Gastroenterol Clin North Am     1999  ;  28  :  847   –    60  .  

   150   .      Barrison     AF   ,    Jarboe     LA   ,    Weinberg     BM       et al.       Patterns of proton pump 
inhibitor use in clinical practice  .   Am J Med     2001  ;  111  :  469   –    73  .  

   151   .      Fass     R   ,    Murthy     U   ,    Hayden     CW       et al.       Omeprazole 40 mg once a day is 
equally eff ective as lansoprazole 30 mg twice a day in symptom control of 
patients with gastro-oesophageal refl ux disease (GERD) who are resistant 
to conventional-dose lansoprazole therapy-a prospective, randomized, 
multi-centre study  .   Aliment Pharmacol Th er     2000  ;  14  :  1595   –    603  .  

   152   .      Miller     SM   ,    Goldstein     JL   ,    Gerson     LB    .   Cost-eff ectiveness model of endo-
scopic biopsy for eosinophilic esophagitis in patients with refractory 
GERD  .   Am J Gastroenterol     2011  ;  106  :  1439   –    45  .  

   153   .      Vela     MF   ,    Camacho-Lobato     L   ,    Srinivasan     R       et al.       Simultaneous intraeso-
phageal impedance and pH measurement of acid and nonacid gastroesopha-
geal refl ux: eff ect of omeprazole  .   Gastroenterology     2001  ;  120  :  1599   –    606  .  

   154   .      Charbel     S   ,    Khandwala     F   ,    Vaezi     MF    .   Th e role of esophageal pH moni-
toring in symptomatic patients on PPI therapy  .   Am J Gastroenterol   
  2005  ;  100  :  283   –    9  .  

   155   .      Mainie     I   ,    Tutuian     R   ,    Shay     S       et al.       Acid and non-acid refl ux in patients 
with persistent symptoms despite acid suppressive therapy: a multicen-
tre study using combined ambulatory impedance-pH monitoring  .   Gut   
  2006  ;  55  :  1398   –    402  .  

   156   .      Roman     S   ,    Bruley des Varannes     S   ,    Pouderoux     P       et al.       Ambulatory 24-h 
oesophageal impedance-pH recordings: reliability of automatic analysis 
for gastro-oesophageal refl ux assessment  .   Neurogastroenterol Motil   
  2006  ;  18  :  978   –    86  .  

   157   .      Boeckxstaens     GE   ,    Smout     A    .   Systematic review: role of acid, weakly acidic 
and weakly alkaline refl ux in gastro-oesophageal refl ux disease  .   Aliment 
Pharmacol Th er     2010  ;  32  :  334   –    43  .  

   158   .      Hemmink     GJ   ,    Bredenoord     AJ   ,    Weusten     BL       et al.       Esophageal pH-imped-
ance monitoring in patients with therapy-resistant refl ux symptoms:  ‘ on ’  
or  ‘ off  ’  proton pump inhibitor?     Am J Gastroenterol     2008  ;  103  :  2446   –    53  .  

   159   .      Pritchett     JM   ,    Aslam     M   ,    Slaughter     JC       et al.       Effi  cacy of esophageal 
impedance/pH monitoring in patients with refractory gastroesophageal 
refl ux disease, on and off  therapy  .   Clin Gastroenterol Hepatol     2009  ;  7  :  743   –    8  .  

   160   .      Gawron     AJ   ,    Rothe     J   ,    Fought     AJ       et al.       Many patients continue using 
proton pump inhibitors aft er negative results from tests for refl ux disease      . 
  Clin Gastroenterol Hepatol     2012  ;  10  :  620   –    5  .  

  161   .      Mainie     I   ,    Tutuian     R   ,    Agrawal     A       et al.       Combined multichannel intralumi-
nal impedance-pH monitoring to select patients with persistent gastro-
oesophageal refl ux for laparoscopic Nissen fundoplication  .   Br J Surg   
  2006  ;  93  :  1483   –    7  .  

   162   .      Frazzoni     M   ,    Conigliaro     R   ,    Melotti     G    .   Refl ux parameters as modifi ed by 
laparoscopic fundoplication in 40 patients with heartburn/regurgitation 
persisting despite PPI therapy: a study using impedance-pH monitoring  . 
  Dig Dis Sci     2011  ;  56  :  1099   –    106  .  

   163   .      El-Serag     HB   ,    Kvapil     P   ,    Hacken-Bitar     J       et al.       Abdominal obesity and the 
risk of Barrett’s esophagus  .   Am J Gastroenterol     2005  ;  100  :  2151   –    6  .  

   164   .      Bytzer     P   ,    Havelund     T   ,    Hansen     JM    .   Interobserver variation in the endoscopic 
diagnosis of refl ux esophagitis  .   Scand J Gastroenterol     1993  ;  28  :  119   –    25  .  

  165   .      Kahrilas     PJ   ,    Falk     GW   ,    Johnson     DA       et al.       Esomeprazole improves healing 
and symptom resolution as compared with omeprazole in refl ux 
oesophagitis patients: a randomized controlled trial. Th e Esomeprazole 
Study Investigators  .   Aliment Pharmacol Th er     2000  ;  14  :  1249   –    58  .  

   166   .      Modiano     N   ,    Gerson     LB    .   Risk factors for the detection of Barrett’s esophagus 
in patients with erosive esophagitis  .   Gastrointest Endosc     2009  ;  69  :  1014   –    20  .  

  167   .      Hanna     S   ,    Rastogi     A   ,    Weston     AP       et al.       Detection of Barrett’s esophagus 
aft er endoscopic healing of erosive esophagitis  .   Am J Gastroenterol   
  2006  ;  101  :  1416   –    20  .  

   168   .      Stoltey     J   ,    Reeba     H   ,    Ullah     N       et al.       Does Barrett’s oesophagus develop 
over time in patients with chronic gastro-oesophageal refl ux disease?    
 Aliment Pharmacol Th er     2007  ;  25  :  83   –   91  .  

   169   .      Ruigomez     A   ,    Garcia Rodriguez     LA   ,    Wallander     MA       et al.       Esophageal 
stricture: incidence, treatment patterns, and recurrence rate  .   Am J 
Gastroenterol     2006  ;  101  :  2685   –    92  .  

  170   .      Wang     A   ,    Mattek     NC   ,    Holub     JL       et al.       Prevalence of complicated gastro-
esophageal refl ux disease and Barrett’s esophagus among racial groups 
in a multi-center consortium  .   Dig Dis Sci     2009  ;  54  :  964   –    71  .  

   171   .      Marks     RD   ,    Richter     JE   ,    Rizzo     J       et al.       Omeprazole vs H2-receptor 
antagonists in treating patients with peptic stricture and esophagitis  . 
  Gastroenterology     1994  ;  106  :  907   –    15  .  



The American Journal of GASTROENTEROLOGY VOLUME 108 | MARCH 2013   www.amjgastro.com

328  Katz  et al.  

  172   .      Smith     PM   ,    Kerr     GD   ,    Cockel     R       et al.       A comparison of omeprazole and 
ranitidine in the prevention of recurrence of benign esophageal stricture. 
Restore Investigator Group  .   Gastroenterology     1994  ;  107  :  1312   –    8  .  

   173   .      Ramage     Jr     JI   ,    Rumalla     A   ,    Baron     TH       et al.       A prospective, randomized, 
double-blind, placebo-controlled trial of endoscopic steroid injection 
therapy for recalcitrant esophageal peptic strictures  .   Am J Gastroenterol   
  2005  ;  100  :  2419   –    25  .  

  174   .      Altintas     E   ,    Kacar     S   ,    Tunc     B       et al.       Intralesional steroid injection in benign 
esophageal strictures resistant to bougie dilation  .   J Gastroenterol Hepatol   
  2004  ;  19  :  1388   –    91  .  

   175   .      Sgouros     SN   ,    Vlachogiannakos     J   ,    Karamanolis     G       et al.       Long-term acid 
suppressive therapy may prevent the relapse of lower esophageal 
(Schatzki’s) rings: a prospective, randomized, placebo-controlled study  . 
  Am J Gastroenterol     2005  ;  100  :  1929   –    34  .  

   176   .      Westhoff      B   ,    Brotze     S   ,    Weston     A       et al.       Th e frequency of Barrett’s esophagus 
in high-risk patients with chronic GERD  .   Gastrointest Endosc     2005  ;  61  :
  226   –    31  .  

   177   .      Falk     GW   ,    Th ota     PN   ,    Richter     JE       et al.       Barrett’s esophagus in women: 
demographic features and progression to high-grade dysplasia and cancer  . 
  Clin Gastroenterol Hepatol     2005  ;  3  :  1089   –    94  .  

  178   .      Guardino     JM   ,    Khandwala     F   ,    Lopez     R       et al.       Barrett’s esophagus at a tertiary 
care center: association of age on incidence and prevalence of dysplasia 
and adenocarcinoma  .   Am J Gastroenterol     2006  ;  101  :  2187   –    93  .  

   179   .      Wang     KK   ,    Sampliner     RE    .   Updated guidelines 2008 for the diagnosis, 
surveillance and therapy of Barrett’s esophagus  .   Am J Gastroenterol   
  2008  ;  103  :  788   –    97  .  

   180   .      Duroux     P   ,    Bauerfeind     P   ,    Emde     C       et al.       Early dinner reduces nocturnal 
gastric acidity  .   Gut     1989  ;  30  :  1063   –    7  .  

  181   .      Orr     WC   ,    Harnish     MJ    .   Sleep-related gastro-oesophageal refl ux: provoca-
tion with a late evening meal and treatment with acid suppression  . 
  Aliment Pharmacol Th er     1998  ;  12  :  1033   –    8  .  

   182   .      Schindlbeck     NE   ,    Heinrich     C   ,    Dendorfer     A       et al.       Infl uence of smoking 
and esophageal intubation on esophageal pH-metry  .   Gastroenterology   
  1987  ;  92  :  1994   –    7  .  

  183   .      Waring     JP   ,    Eastwood     TF   ,    Austin     JM       et al.       Th e immediate eff ects of cessa-
tion of cigarette smoking on gastroesophageal refl ux  .   Am J Gastroenterol   
  1989  ;  84  :  1076   –    8  .  

  184   .      Kadakia     SC   ,    Kikendall     JW   ,    Maydonovitch     C       et al.       Eff ect of cigarette 
smoking on gastroesophageal refl ux measured by 24-h ambulatory 
esophageal pH monitoring  .   Am J Gastroenterol     1995  ;  90  :  1785   –    90  .              


